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ABSTRACT 
The World Health Organisation recommends children aged 5 to 12 years engage in at 
least 60-minutes of moderate- to vigorous- intensity physical activity per day to 
attain health benefits.  However, less than 50% of children globally are meeting these 
recommended levels of physical activity. Given the multiple immediate and long-
term health benefits associated with a physically active lifestyle, physical inactivity 
during childhood is a serious public health concern.   
 
In addition to health benefits, research suggests that physical activity during 
childhood is associated with better academic-related outcomes, including cognitive 
function, classroom behaviour and academic achievement (this thesis focuses on 
associations with classroom behaviour and academic achievement; cognitive 
function is beyond the scope of this thesis). Thus, promoting physical activity during 
childhood has important health and academic consequences.  
 
Promoting the academic-related benefits of physical activity may encourage schools 
and parents to engage their children in a physically active lifestyle.  However, 
additional research is needed to further understand the intensity and type of activity 
required to maximise academic benefit. This thesis provides improved understanding 
of the different intensities and types of physical activity needed to maximise 
academic-related outcomes.  
 
Firstly, associations between overall physical activity and academic achievement 
were assessed to provide a broad overview of associations.  Previous studies of 
associations between physical activity and academic achievement have been limited 
by cross-sectional study designs, self-report measures of physical activity, lack of 
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consideration for light- intensity physical activity, small sample sizes and use of 
speed tests of academic achievement (which assess speed of performance rather than 
knowledge). To address these limitations, longitudinal associations between 
objectively measured overall light- and moderate- to vigorous- intensity physical 
activity (accelerometry) in early primary school (aged 6-8 years) and later academic 
achievement (aged approx. 9 years) were assessed among a large sample of 337 
children (boys: n=194; girls: n=143). Academic achievement was assessed using a 
nationally-administered power test of academic achievement (which measures 
knowledge regardless of speed of performance). Results were contrary to expected, 
indicating that both overall light- and moderate- to vigorous- intensity physical 
activity were negatively associated with academic achievement.  
 
Secondly, to provide a deeper understanding of associations between physical 
activity and academic achievement, an exploration into associations between a 
specific type of physical activity, organised sport participation and classroom 
behaviour outcomes (a possible precursor for academic achievement) was conducted. 
Organised sport participation was specifically chosen for this thesis as despite its 
popularity among children, frequency of participation is low. Compared with non-
participants, children who participate in organised sport are more likely to achieve 
the recommended levels of moderate- to vigorous- intensity physical activity. Thus, 
increasing frequency of organised sport participation may provide a viable strategy to 
increase minutes towards meeting physical activity guidelines. A further reason for 
choosing organised sport relates to its potential to improve classroom behaviour 
outcomes (and consequently academic achievement), compared with other more 
unstructured forms of physical activity (e.g. free play). As participating in organised 
sport requires much focus (e.g. to think strategically about their next move), it was 
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hypothesised that the focus learned on the sports field may translate into greater 
focus in the classroom. Should positive associations between organised sport 
participation and classroom behaviour outcomes be observed (and consequently 
academic achievement), parents may be encouraged to provide their children with 
additional opportunities to participate in organised sport. 
 
Associations of organised sport participation with classroom behaviour outcomes 
were assessed on the same sample of children (n=438) described above. Parents 
reported their child’s sport participation and classroom behaviour outcomes (school 
functioning, inattention, fidgetiness, acting without thinking and poor concentration). 
To address limitations associated with previous studies, sport participation was 
categorised as ‘plays team sport only’, ‘plays individual sport only’, ‘plays both team 
and individual sport’ or ‘does not play sport’. Further, objectively assessed overall 
physical activity was adjusted for in analyses.  Results showed that in comparison to 
children who did not participate in sport, children who participated in team sport 
only displayed less inattention, and children who participated in individual sport only 
displayed less inattention in addition to less acting without thinking. Further, results 
remained significant after adjusting for overall physical activity, suggesting that sport 
participation is associated with better classroom behaviour over and above the 
influence of overall physical activity. This provides support for the hypothesis, that 
different types of physical activity affect academic-related outcomes differently. 
 
This hypothesis was further tested by exploring the effects of another type of 
physical activity, classroom-based physical activity, on academic-related outcomes 
Classroom-based physical activity was specifically chosen for this thesis due to its 
minimal time commitment, making it a potentially feasible strategy for physical 
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activity promotion in busy classroom settings. Additionally, this type of physical 
activity was hypothesised to have a positive effect on academic-related outcomes due 
to the physical activity being performed in the classroom (where learning occurs). A 
systematic review and meta-analysis of the effects of classroom-based physical 
activity on academic and physical activity outcomes was conducted. Three types of 
classroom-based physical activity interventions were identified: active breaks 
without curriculum content; active breaks with curriculum content; and physically 
active lessons. Results indicated that classroom-based physical activity generally had 
a positive effect on classroom behaviour. Intervention effects on cognitive function 
were mixed, and intervention effects on academic achievement were dependent on 
intervention duration and type of academic achievement test used. Further, physical 
activity was shown to increase in the intervention, compared with the control group.  
 
Next, given the potential for classroom-based physical activity to improve academic 
and physical activity outcomes, a classroom-based physical activity intervention was 
developed. Specifically, an active break (without curriculum content) intervention 
(ACTI-BREAK), and not curriculum focussed active breaks, or physically active 
lessons was chosen for this thesis due to their perceived ease of implementation, 
making them more likely to be adopted by teachers.  A rationale and protocol for the 
ACTI-BREAK intervention is presented, developed based on limitations of previous 
active break interventions identified in the systematic review and meta-analysis,  
including: (1) lack of consultation with teachers when developing such interventions 
(important for feasibility and sustainability outside of the research setting); (2) a lack 
of studies using an objective measure of physical activity intensity to measure 
intervention effects on academic-related outcomes (important to determine 
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intervention effects of meeting physical activity guidelines); and (3) the use of 
measures of academic achievement unsuitable for the intervention duration.   
 
To address these limitations, interviews were conducted with current primary school 
teachers (n=9) regarding their views on feasible characteristics of a classroom active 
break program. Results from those interviews indicated that teachers preferred active 
breaks that are short (5-minutes) but done multiple times daily, performed at 
moderate- physical activity intensity and are easy to implement. Teachers also 
identified a need for a range of different active break options (to cater for different 
student needs across classes) as well as the need for teacher training. Additionally, to 
assess intervention effects on moderate- to vigorous- intensity physical activity, an 
objective measure of physical activity intensity was used. Lastly, a measure of 
academic achievement suitable for the intervention duration was used to assess 
intervention effects on academic achievement. 
 
ACTI-BREAK involved teachers incorporating three, 5-minute moderate- intensity 
active breaks into their classroom routine each day. Teachers could select from a 
variety (n=30) of ACTI-BREAK activities. All ACTI-BREAK activities were 
designed to be easy to implement as they were presented on easy to follow task cards 
(one activity per card) and did not require any set up or equipment (other than what 
was readily available in all classrooms, e.g. chairs). The candidate trained teachers to 
deliver the intervention via a 45-minute training session and assisted delivery.  
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The effect of ACTI-BREAK on physical activity and academic-related outcomes was 
tested using a randomised controlled trial study design. Participants included 374 
children in years 3 and 4 from schools across Melbourne, Australia. Accelerometry 
was used to assess the effect of the intervention on moderate- to- vigorous- intensity 
physical activity levels. Progress monitoring tests of mathematics and reading were 
used to assess the effect of the intervention on academic achievement and teacher 
observations were used to assess the effect of the intervention on classroom 
behaviour. Results showed ACTI-BREAK was effective for improving classroom 
behaviour. The intervention did not affect academic achievement or physical activity. 
 
In addition to outcome evaluation, it is also important to conduct process evaluation 
in order to identify factors affecting fidelity and feasibility. A mixed methods process 
evaluation of the ACTI-BREAK intervention was conducted, which aimed to explore 
the fidelity and feasibility of that intervention. Fidelity was explored through 
accelerometry and assessed as number of ACTI-BREAKS completed; minutes per 
ACTI-BREAK spent in moderate-intensity physical activity and change in physical 
activity from baseline to mid- and end- intervention. Feasibility was assessed via 
telephone interviews with teachers, and focus groups and questionnaires with 
students, as well as teacher observations of acute effects on classroom behaviour. 
Results showed teachers implemented an average of two ACTI-BREAKS per day, 
mostly of light- intensity, physical activity increased from baseline to mid- and end-
intervention and classroom behaviour improved immediately following participation 
in ACTI-BREAKS. Teachers identified several barriers (ability for students to return 
to task and time constraints) and facilitators to implementation (ease of 
implementation, flexible delivery options and student enjoyment). Most students 
reported they enjoyed the intervention.   
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Results from this thesis indicated that overall light- and moderate- to vigorous- 
intensity physical activity was associated with lower academic achievement scores. 
However, specific types of physical activity; organised sport and active breaks in the 
classroom were positively associated with or had a positive effect on classroom 
behaviour outcomes. Specifically, sport participation was associated with reductions 
in inattention and acting without thinking, and participation in active breaks led to 
improvements in on-task classroom behaviour. These findings may be used to 
encourage parents to provide more opportunities for their children to participate in 
organised sport, and schools to provide children with active breaks in the classroom, 
ultimately helping children to lead a more physically active lifestyle for associated 
health and academic-related benefits.  
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GLOSSARY OF KEY TERMS 
 
Physical activity: ‘any bodily movement produced by skeletal muscles that results in 
energy expenditure’ (Caspersen et al., 1985). 
Light- intensity physical activity: Physical activity performed at between 1.5 METS 
and 3 METS (Ainsworth et al., 2000). 
Moderate- to vigorous- intensity physical activity: Physical activity performed at 
greater than 3 METS (Ainsworth et al., 2000). 
Executive function: The cognitive functions required to concentrate and think 
(Diamond and Lee, 2011).  
Selective attention: Also referred to as inhibition, selective attention is a subdomain 
of executive function and refers to the ability to ignore distractions (Miyake et al., 
2000). 
Classroom behaviour: This includes on-task behaviour (i.e. concentrating on the 
task assigned by the teacher) and off-task behaviour (i.e. not concentrating on the 
task assigned by the teacher) (Lees and Hopkins, 2013) and is commonly measured 
through direct observation.  
Cognitive function: Mental processes that may influence academic achievement 
(Rasberry et al., 2011). This includes executive function and attention, and are often 
assessed using a neuropsychological test of cognitive function (Keeley and Fox, 
2009). 
Academic achievement: This includes grades, as well as results on progress 
monitoring tools and standardised tests (Rasberry et al., 2011).  
Active breaks: Short bouts of physical activity performed as a break from classroom 
lessons (Howie et al., 2015). 
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Curriculum-focussed active breaks: Short bouts of physical activity integrated with 
lesson content (Mahar et al., 2006). 
Physically active lessons: The integration of physical activity into lessons in key 
learning areas that do not traditionally include physical activity (e.g. mathematics) 
(Riley et al., 2015a, Riley et al., 2015b).   
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CHAPTER 1. INTRODUCTION 
Participation in the recommended 60-minutes of moderate- to vigorous- intensity 
physical activity is associated with multiple immediate and long-term health benefits 
(Janssen and LeBlanc, 2010, Okely T et al., 2012).  However, evidence suggests less 
than 50% of children globally are doing enough physical activity to attain these 
benefits, and levels of activity have been shown to decline from the primary school 
years (Aubert et al., 2018). Thus, primary school-aged children are the focus of this 
thesis.  
 
In addition to health benefits, systematic reviews and meta-analyses indicate that 
physical activity may also be beneficial for academic-related outcomes, including 
cognitive function, classroom behaviour and academic achievement (de Greeff et al., 
2018, Marques et al., 2017, Lubans et al., 2016). However, little is known about how 
different intensities and types of physical activity contribute to these outcomes. One 
study found that moderate- intensity physical activity but not vigorous- intensity 
physical activity had a positive association with cognitive engagement (Owen et al., 
2018a). This thesis focuses on the contribution of physical activity to academic 
achievement and classroom behaviour outcomes; cognitive function was considered 
beyond the scope of this thesis.  
 
Physical activity can be performed at different intensities, ranging from light- to 
vigorous- intensity. Further, children accrue physical activity through participation in 
a range of different types of physical activity, including organised sport, classroom-
based physical activity, physical activity during school break times, physical 
education class, active transport and active play.  This thesis aims to further 
understand how different intensities and types of physical activity, specifically 
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organised sport participation and classroom-based physical activity (see Glossary for 
definitions) contribute to academic-related outcomes. Reasons for choosing these 
specific types of physical activity for this thesis are described below.  This thesis is 
presented as a series of papers, and consists of five published, peer reviewed papers, 
and one paper submitted for publication. These cover a range of study designs, from 
observational to systematic review and meta-analysis, which were used to inform the 
development of an intervention, which was then implemented, and pilot tested. 
 
Following on from this introduction (chapter 1), a review of the potential academic-
related benefits of physical activity is presented in chapter 2. This includes a review 
of mechanisms and theoretical models underpinning the contribution of physical 
activity to academic-related outcomes. Chapter 2 also reviews and critiques existing 
studies exploring how different intensities and types of physical activity affect 
academic-related outcomes, and identified the priority areas for further investigation, 
which were used to inform the development of the studies presented in this thesis. 
 
Chapter 3 reports secondary analysis of longitudinal data investigating associations 
between different intensities of objectively assessed overall physical activity and 
academic achievement among primary school-aged children. Chapter 4 presents a 
secondary analysis of associations of a specific type of physical activity, organised 
sport participation with classroom behaviour (a precursor for academic achievement) 
outcomes (chapter 3). Organised sport participation was specifically chosen for this 
thesis due it its potential to contribute to academic-related outcomes and physical 
activity levels among children. It was hypothesised that due to its unique 
characteristics (e.g. the focus required and structured nature) (Eime et al., 2013, Alesi 
et al., 2016) organised sport would be more strongly associated with better academic-
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related outcomes, compared with more unstructured forms of physical activity (e.g. 
active play) (Subramanian et al., 2015). Few studies have examined associations 
between organised sport participation and classroom behaviour outcomes among 
primary school-aged children (Donnelly et al., 2016).  Those studies that have were 
limited by a lack of consideration for type of sport (i.e. individual vs. team based), 
level of sport involvement (e.g. frequency and duration) and adjustment for overall 
physical activity. To address these limitations, associations between level 
(hours/week) and type of sport participation (categorised as ‘plays team sport only’, 
‘plays individual sport only’, ‘plays both team and individual sport’ or ‘does not play 
sport’) with classroom behaviour outcomes were explored. Parents reported their 
child’s sport participation and classroom behaviour outcomes (school functioning, 
inattention, fidgetiness, acting without thinking and poor concentration). Analyses 
were adjusted for objectively assessed overall physical activity to explore whether or 
not organised sport participation was associated with classroom behaviour outcomes 
over and above the influence of overall physical activity levels.   
 
To further test the hypothesis that different types of physical activity affect 
academic-related outcomes differently, the effect of classroom-based physical 
activity interventions on academic (and physical activity) related outcomes was 
explored through a systematic review and meta-analysis (chapter 5). As most studies 
in this area utilised intervention study designs, it was considered appropriate to 
explore the effect of classroom-based physical activity on academic-related outcomes 
through a review of intervention studies and not through a review of observational 
studies.   
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Next, a classroom-based physical activity intervention was developed (ACTI-
BREAK). Chapter 6 presents a rationale and protocol for the ACTI-BREAK 
intervention. This intervention was developed to overcome limitations identified in 
previous active break interventions identified in the systematic review and meta-
analysis (chapter 5).  ACTI-BREAK was a 6-week cluster randomised controlled 
trial and involved teachers implementing 3x5-minute moderate- intensity active 
breaks into their classroom routine three times daily. 
 
The effect of that intervention on physical activity and academic-related outcomes is 
presented in chapter 7. Chapter 8 presents studies of the fidelity and feasibility of the 
ACTI-BREAK intervention, which was explored through mixed methods process 
evaluation. Fidelity was assessed through teacher logs of ACTI-BREAKS and 
duration of each ACTI-BREAK spent in the prescribed moderate- intensity physical 
activity. Feasibility was assessed via telephone interviews (teachers), questionnaires 
and focus groups (students).   
 
Finally, chapter 9 provides an overview of findings from this thesis. The strengths 
and limitations of this research are discussed, as well as the implications of this 
research for parents, school administrators and teachers. The findings from this thesis 
can provide parents, school administrators, and teachers with increased 
understanding of how best to use physical activity to maximise children’s academic-
related outcomes. 
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CHAPTER 2. LITERATURE REVIEW 
2.1 DEFINITION OF PHYSICAL ACTIVITY FOR CHILDREN 
Physical activity is defined as ‘any bodily movement produced by skeletal muscles 
that results in energy expenditure’ (Caspersen et al., 1985). It can be described 
according to type, intensity, frequency, and duration of activity (Corder et al., 2008). 
The intensity of physical activity can be classified on a continuum based on the 
required metabolic rate of the activity compared to a resting metabolic rate (MET), 
where one MET is considered resting (Ainsworth et al., 2000). Physical activity 
intensity can be classified as light- (1.5 METS to 3 METS); moderate- (3 to 6 
METS); or vigorous- (> 6 METS) (Ainsworth et al., 2000).  
 
Distinct from adults’ physical activity, which tends to be sustained and light- 
intensity (Welk, 2002), children are inclined to move more sporadically throughout 
the day. A seminal study showed that physical activity in children is characterised by 
short bouts of moderate- and vigorous- intensity physical activity interspersed with 
longer periods of light- intensity physical activity and rest (Baquet et al., 2007). That 
study showed that on average physical activity bouts lasted 9.0 seconds for 
moderate- intensity, 4.7 seconds for vigorous- intensity, and 3.9 seconds for very 
high intensity, with the majority (≥80%) of bouts lasting less than 10 seconds 
(Baquet et al., 2007).  In contrast, bouts of light- intensity physical activity lasted 
70.8 seconds on average in children (Baquet et al., 2007).  
 
2.2 MEASUREMENT OF CHILDREN’S PHYSICAL ACTIVITY 
Given its intermittent nature (see section 2.1), measuring children’s physical activity 
can be difficult. Precise measurement of children’s physical activity is necessary for 
a variety of reasons, including to monitor compliance with physical activity 
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guidelines (section 2.3), to accurately establish the relationship with health and 
academic outcomes (section 2.5), and to monitor the effectiveness of interventions 
(Wareham and Rennie, 1998). Tools for the measurement of children’s physical 
activity can be broadly categorised into two groups: subjective and objective 
measures. Each measurement tool has specific advantages and limitations (Welk et 
al., 2000) and is chosen based on the research question, study population and 
logistical considerations (e.g. project budget, convenience, staff time) (Dollman et 
al., 2009). 
 
2.2.1 SUBJECTIVE MEASURES 
Children’s physical activity is often measured using subjective measures, including 
self- and proxy- report diaries, logs and questionnaires. These measures require 
participants to accurately recall their physical activity participation in the recent past 
(e.g. on the previous day) or their usual or “habitual” physical activity (Kohl et al., 
2000). Subjective measures have several strengths, including ease of administration, 
low participant burden and low cost (Kohl et al., 2000), as well as the ability to 
capture type and context of physical activity (e.g. where and with whom physical 
activity was performed). However, self-report is generally not recommended for 
children less than 10 years of age due to the level of cognitive and linguistic ability 
required (Sallis, 1991). For example, children under 10 years of age may have an 
exaggerated perception of time and intensity of physical activity, and therefore may 
overestimate these variables (although adults also tend to over report time spent in 
physical activity) (Welk et al., 2000).  Further, young children’s physical activity 
may be difficult to remember accurately (Kohl et al., 2000) due to intermittent 
activity patterns (Bailey et al., 1995, Baquet et al., 2007). Self-report measures are 
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also subject to social desirability bias and may not be able to accurately capture time 
spent in different intensities of physical activity (Sallis, 1991).  
 
As there are inherent difficulties with self-reporting of young children’s physical 
activity, parent or teacher proxy-reports are often used for measuring children’s 
physical activity. This method is appropriate for children younger than 10 years 
(Corder et al., 2008). However, recall of children’s physical activity is limited by the 
adult’s knowledge of the child’s behaviour (Corder et al., 2008).  A teacher is 
responsible for many children and therefore may be unable to constantly observe a 
single child over an extended period of time (Corder et al., 2008). Further, parents 
and children spend large periods of the day apart (e.g. while the child is at school), 
and therefore parents may not know how much physical activity their child engages 
in (Leary et al., 2012). Despite these limitations, self- and proxy-report measures are 
valuable for the assessment of type and context of physical activity, which may be 
more difficult to measure objectively (Trost, 2007). 
 
2.2.2 OBJECTIVE MEASURES 
Objective measures may be more suitable for measuring children’s physical activity 
as output does not rely on cognitive or linguistic ability (Rowlands, 2007). Objective 
measures include direct observation, heart rate monitors, pedometers and 
accelerometers (Welk, 2002).  These measures each have their own strengths and 
limitations, described below. 
 
Direct observation is often used to assess children’s physical activity (Trost, 2007) 
and involves observing all physical activity a specific child engages in during a 
specified time period  (Trost, 2007). This method is useful for collecting information 
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on type and context of physical activity (Welk, 2002) and demonstrates strong 
evidence of reliability (inter-observer agreement = 88% to 98%) and validity when 
compared against heart rate monitoring (r = 0.80 to 0.91) (McKenzie, 2002). 
However, this method is highly labour intensive and limited to confined geographical 
areas or space (e.g. school playground) and limited time frame (Trost, 2007) and may 
not be able to provide an accurate assessment of physical activity intensity. 
 
Physiological measures such as heart rate monitoring provide a valid and reliable 
indication of physical activity intensity (Treiber et al., 1989). However, these devices 
do not measure physical activity directly (Corder et al., 2008, Kohl Iii et al., 2000). 
Instead they provide an indirect measure of physical activity energy expenditure, 
which has several associated limitations.  Heart rate can be elevated by anxiety, 
stress, or increased temperature, without a corresponding increase in energy 
expenditure (Trost, 2007).  Further, heart rate can remain elevated after movement 
stops, which may lead to an overestimation of physical activity levels (Epstein et al., 
2001). These measures are also expensive, and therefore are more appropriate for 
small studies, for use in conjunction with other objective measures or for validating 
other measures of physical activity (Welk et al., 2000). 
 
Motion sensors, including pedometers and accelerometers may provide a more 
suitable alternative for objectively assessing children’s physical activity. Pedometers 
provide a measure of the total number of steps taken by the user (Welk et al., 2000) 
and are suitable for use with children (Rowlands and Eston, 2007). These devices 
have the advantage of being small in size, easy to use, unobtrusive, inexpensive and 
have relatively low researcher and participant burden (Clemes and Biddle, 2013). 
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However, these devises are not able to record physical activity intensity (Rowlands 
and Eston, 2007).  
 
Accelerometers are frequently used to measure physical activity in studies involving 
children (Rowlands, 2007). These devices can measure movement in one (uniaxial), 
two (biaxial), or three dimensions (triaxial), and measure movement of the body 
segment to which it is attached, i.e., hip, wrist or ankle (Welk, 2002). Accelerometers 
are typically worn on the hip (attached with a belt or band), as this gives the most 
accurate measure of physical activity (Trost et al., 2005). Movement is recorded in 
predetermined epochs (time intervals), typically set between one and 60-seconds 
(Rowlands and Eston, 2007). Accelerometers provide output referred to as 
accelerometer counts (Rowlands and Eston, 2007). Accelerometer counts are applied 
to each epoch (Rowlands and Eston, 2007). Cut points are given to accelerometer 
counts to enable time spent in different intensities of physical activity to be estimated 
(Rowlands and Eston, 2007).  
 
As with other measures, accelerometers have their own limitations: they can be 
expensive, are unable to capture detail regarding the context in which the physical 
activity occurs, or measure water based activities (Welk, 2002). Additionally, the 
literature highlights several challenges regarding the processing and interpretation of 
accelerometer data. There is little consensus on the selection of appropriate cut-
points and epochs used to interpret and analyse accelerometer data. This is 
problematic, as different cut points and epochs applied to the same data results in 
different estimates of time spent in different intensities of physical activity (Trost et 
al., 2011).  
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Despite these limitations, accelerometers provide a valid and reliable measure of 
children’s physical activity. Accelerometers demonstrate moderate to high 
correlations between activity counts and energy expenditure when used among 
children (r=0.78 to r=0.87) (Trost et al., 1998, Freedson et al., 2005, Puyau et al., 
2002). Further, the reliability of accelerometry has been shown to be high (ICC=0.82 
to 0.87) for estimating moderate- to vigorous- intensity physical activity based on at 
least 4 days of valid accelerometer data among children aged between 7 and 11 years 
(Barreira et al., 2015, Trost et al., 2000). Additionally, these devices are small and 
lightweight and therefore unobtrusive for participant use (Welk, 2002). 
Accelerometers also have a large memory storage and are therefore able to assess 
physical activity over several days or weeks (Freedson et al., 2005).  For these 
reasons, accelerometers currently provide the most appropriate tool for measuring 
children’s physical activity in epidemiological and intervention studies.  
 
2.3 PHYSICAL ACTIVITY GUIDELINES FOR CHILDREN  
As outlined in section 2.2, accurate assessment of children’s physical activity is 
important for monitoring compliance with physical activity guidelines. The World 
Health Organisation (WHO) has developed global guidelines for physical activity for 
children, based on the frequency, intensity, time and type of activity children should 
engage in for good health (World Health Organisation, 2010). These guidelines 
recommend children aged 5 to 17 years engage in at least 60 minutes of moderate- to 
vigorous- intensity physical activity per day to accrue health benefits, and specify 
that most of this activity should be aerobic. This activity should also incorporate 
vigorous- intensity activity, as well as muscle and bone strengthening activity on at 
least 3 days per week. These recommendations also state that participation in more 
than 60 minutes of moderate- to vigorous- intensity physical activity per day can 
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provide additional health benefits.  The WHO global guidelines for children’s 
physical activity have been adopted in several countries including the United 
Kingdom (Kahlmeier et al., 2015), New Zealand (Ministry of Health, 2017), United 
States (US Department of Health and Human Services, 2008), Canada (Canadian 
Society for Exercise Physiology, 2017), Singapore (Health Promotion Board, 2012) 
and Australia (Australian Government Department of Health, 2017).  
 
Other countries have adopted their own guidelines, which differ slightly from the 
WHO global guidelines. For example, in Switzerland the guidelines state that 
children should perform more (1 to 2 hours per day), while in Malta the guidelines 
specify lower amounts (30 to 60 minutes) of physical activity (Kahlmeier et al., 
2015). Further, in Switzerland, guidelines specify that in addition to aerobic, muscle 
and bone strengthening, activities should also aim to maintain flexibility and improve 
agility (Kahlmeier et al., 2015). Nonetheless, these recommendations all encourage 
regular physical activity and provide a benchmark by which to monitor physical 
activity levels of populations.  
 
2.4 CURRENT PHYSICAL ACTIVITY LEVELS OF CHILDREN  
Despite the existence of physical activity recommendations for children (section 2.3), 
population-based studies have reported low levels of compliance. For example, the 
Healthy Active Kids Global Alliance consolidated findings from the Physical 
Activity Report Cards from 49 countries providing a grade based on the proportion 
of children meeting physical activity guidelines of 60-minutes of moderate- to 
vigorous- intensity physical activity per day, on average (Aubert et al., 2018). Grades 
ranged from A+ (94 to 100% of children) to F (≤ 20% of children) (Aubert et al., 
2018). Results showed globally, overall physical activity levels were low (D), 
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indicating that approximately one third (27-33%) of children were meeting physical 
activity guidelines (Aubert et al., 2018). 
 
Similarly, low levels of compliance have been reported for Australian children. The 
2018 Australian Physical Activity Report Card indicated that approximately one 
quarter (20 and 26%) of children aged 5 to 17 years were meeting the physical 
activity guidelines (grade=D-) (Active Healthy Kids Australia, 2018). Similarly, 
parent proxy-report results from the 2011/2012 Australian Health Survey reported 
that only 22% and 36% of children aged 5-8 years, and 9-11 years, respectively, met 
the physical activity guidelines on all days (Australian Bureau of Statistics, 2013).  
Additionally, the 2007 Children’s Physical Activity and Nutrition Survey, 
(Australian Government Department of Health and Ageing, 2008) indicated that only 
40% of Australian children aged nine to 13 years met the physical activity guidelines 
on all of the four days sampled. This is of concern given the multiple health and 
academic-related benefits associated with regular participation in physical activity 
(section 2.5).  
 
2.5 HEALTH AND ACADEMIC-RELATED BENEFITS OF CHILDREN’S 
PHYSICAL ACTIVITY 
2.5.1 HEALTH BENEFITS 
Multiple short and long-term physical and mental health benefits can be attained 
when children participate in the recommended levels of physical activity. Children 
who are more physically active tend to have better cardiometabolic health (such as 
lower triglyceride and lipoprotein levels), less adiposity, better bone health, 
improved self-esteem, and reduced symptoms of depression and anxiety, compared 
with their less active counterparts (Janssen and LeBlanc, 2010, Okely, 2012).   
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2.5.2 ACADEMIC-RELATED BENEFITS 
In addition to health benefits, physical activity has also been shown to be associated 
with better academic-related outcomes, including cognitive function, classroom 
behaviour and academic achievement (Verburgh et al., 2014, Chang et al., 2012, 
Fedewa and Ahn, 2011, Erwin et al., 2012b). Thus, regular participation in physical 
activity during childhood has important consequences for both health and academic-
related outcomes. 
 
2.6 MECHANISMS OF THE ASSOCIATION BETWEEN PHYSICAL 
ACTIVITY AND ACADEMIC-RELATED OUTCOMES 
The literature on this topic focuses on the mechanisms through which physical 
activity may influence the academic-related outcome of cognitive function. These 
proposed mechanisms can be separated into three groups: psychosocial, behavioural 
and neurobiological mechanisms. Psychosocial mechanisms suggest that physical 
activity may improve physical self-perceptions, social connectedness and mood and 
emotions leading to improvements in cognitive function (Lubans et al., 2016). 
Behavioural mechanisms propose that physical activity improves sleep volume and 
quality, as well as coping and self-regulation, and consequently cognitive function 
(Lubans et al., 2016). Neurobiological mechanisms propose that physical activity 
enhances cognitive function via changes in brain structure and function, e.g. 
increases grey matter volume, and cerebral blood volume and flow (Lubans et al., 
2016), and brain derived neurotrophic factor (BDNF) (Cotman et al., 2007).  
Improvements in cognitive function may subsequently lead to enhanced classroom 
behaviour and academic achievement (section 2.7) (Howie and Pate, 2012).  
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2.7 MODELS OF THE ASSOCIATION BETWEEN PHYSICAL ACTIVITY 
AND ACADEMIC-RELATED OUTCOMES 
Several models have been proposed to explain the relationship between physical 
activity and academic-related outcomes. Some models describe the relationship 
between physical activity and cognitive function, without including other academic-
related outcomes (i.e. academic achievement and classroom behaviour) (Hotting and 
Roder, 2013, Tomporowski et al., 2011).  A further model by Howie and Pate (2012) 
extends on those models by describing how improvements in cognitive function 
extend to enhance academic achievement and classroom behaviour. This model was 
developed through a review of articles which investigated the relationship between 
physical activity and academic-related outcomes in children aged 6 to 18 years. The 
overall findings suggest that physical activity enhances academic achievement and 
classroom behaviour via improvements in aspects of cognitive function.  
 
As classroom behaviour has been shown to be a possible precursor for academic 
achievement (Kremer et al., 2016, Hirvonen et al., 2010), the model by Howie and 
Pate (2012) was modified for this thesis (figure 2.1). That model describes classroom 
behaviour as a precursor for academic achievement rather than as a subcategory of 
academic achievement, and indicates that physical activity leads to improvements in 
cognitive function, which subsequently leads to improvements in classroom 
behaviour. Improvements in classroom behaviour then lead to improvements in 
academic achievement. While the assessment of cognitive function was beyond the 
scope of this thesis, this model was used to develop studies and explain findings from 
this thesis.  
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Figure 2.1: Model of the relationship between physical activity and academic 
achievement, developed by the candidate. 
 
2.8 TYPES OF CHILDREN’S PHYSICAL ACTIVITY  
While research suggests overall physical activity during childhood is associated with 
better academic-related outcomes (section 2.5 to 2.7), little is known about the 
different types of physical activity that may influence these outcomes. Types of 
children’s physical activity include organised sport, classroom-based physical 
activity, physical education class, physical activity during school break times, active 
transport (e.g. walking or cycling) and active play (e.g. mucking around on a 
trampoline or kicking a ball around with friends) (Active Healthy Kids Australia, 
2016).  This thesis focuses on two specific types of physical activity: organised sport 
and classroom-based physical activity. Reasons for focusing on these specific types 
of physical activity are described below. 
 
2.8.1 ORGANISED SPORT  
Organised sport is formally arranged through sporting clubs, associations and 
schools. Organised sport is a specific type of physical activity and is typically 
defined as ‘organised and usually competitive, and played in a team or as an 
Physical 
activity
Cognitive 
function
Classroom 
behaviour
Academic 
achievement 
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individual’ (Eime et al., 2013). It includes such activities as soccer, football and 
basketball.  
 
Organised sport participation was specifically chosen for this thesis due to its 
potential to contribute to minutes towards achieving physical activity guidelines, 
while simultaneously improving academic-related outcomes. Participation in 
organised sport is popular among children internationally, with ≥ 80% of children in 
Denmark, and ≥ 60% of children in Australia, Canada and the Netherlands 
participating in organised sport (Tremblay et al., 2016). However, the proportion of 
children participating in organised sport declines with age, contributing to the age 
related decline in physical activity (Tremblay et al., 2016). Additionally, despite its 
popularity, frequency of participation is low. For example, Australian data indicate 
that few children participate in sport more than two (37.4%), three (21.9%) and four 
times per week (12.7%) (Australian Sports Commission, 2018). As children who 
participate in organised sport are more likely to achieve the recommended levels of 
physical activity (Hebert et al., 2015), increasing frequency of organised sport 
participation may provide a viable strategy to increase minutes towards meeting 
physical activity guidelines.  
 
A further reason for choosing organised sport relates to its potential to improve 
classroom behaviour and consequently academic achievement (section 2.7), 
compared with other more unstructured forms of physical activity (e.g. free play) 
(Subramanian, 2015). Participating in organised sport requires a lot of focus (e.g. to 
think strategically about their and their opponents next move) (Alesi et al., 2016). 
Thus, the focus learned on the sports field may lead to better focus in the classroom. 
If positive associations between organised sport participation and classroom 
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behaviour outcomes are identified (and consequently academic achievement), parents 
may be motivated to provide their children with additional opportunities to 
participate in organised sport.  However, additional research is needed to ascertain 
the type (team vs. individual) and level of participation (e.g. duration/frequency) 
required to maximise classroom behaviour outcomes. This is discussed in more detail 
in section 2.9.2. 
 
2.8.2 CLASSROOM-BASED PHYSICAL ACTIVITY 
Classroom-based physical activity refers to physical activity integrated into 
classroom routines. There are three forms of classroom-based physical activity, 
including active breaks, curriculum focused active breaks, and physically active 
lessons (see glossary for definitions).  
 
Classroom-based physical activity was specifically chosen for this thesis as it may 
represent an attractive strategy for schools to provide opportunities for children to be 
active outside of the traditional physical education class and recess and lunch breaks. 
Further, this type of physical activity may be particularly beneficial for academic-
related outcomes due to physical activity sessions being performed in the classroom 
(a setting proximal to where learning occurs). 
 
While physical education and school recess and lunch breaks are often regarded as 
key opportunities for promoting physical activity in schools, time allocated to these 
discrete periods has reduced in many schools (Powell, 2009, Wilkins et al., 2003). 
This is often due to a perceived lack of time for physical activity associated with 
pressure to improve standards based tests scores in subjects used for the evaluation of 
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schools (e.g. mathematics and literacy) (Powell, 2009, Wilkins et al., 2003). For 
example, the introduction of the No Child Left Behind Act in the US, which requires 
schools to make adequate yearly progress on state tests in reading and mathematics 
in order to receive federal funding, has led to a significant decrease in time for 
physical education and recess/lunch breaks in some schools (Powell, 2009, Wilkins 
et al., 2003). Thus, given low levels of physical activity reported in global data 
(section 2.4), additional opportunities may be required in order to help children 
accrue sufficient physical activity. In particular, time-efficient strategies that benefit 
academic-related outcomes may be required in order for physical activity to be 
prioritised during the school day. Classroom-based physical activity may provide 
such a solution due to its minimal time commitment, making it a potentially feasible 
strategy for physical activity promotion in busy classroom settings.  However, there 
are several limitations associated with existing classroom-based physical activity 
programs. These are discussed in more detail in section 2.9.3. 
 
2.9 STUDIES OF THE CONTRIBUTION OF PHYSICAL ACTIVITY TO 
ACADEMIC-RELATED OUTCOMES 
 
2.9.1 OVERALL PHYSICAL ACTIVITY AND ACADEMIC ACHIEVEMENT 
This section will focus on associations between overall physical activity and 
academic achievement to provide a broad overview of associations. There are a 
plethora of studies examining cross-sectional associations between overall physical 
activity and academic achievement, with results generally indicating either positive 
or null associations (Marques et al., 2017, Donnelly et al., 2016, Singh et al., 2012, 
Haapala, 2012). While results are encouraging, these studies mainly used self-report 
measures of physical activity, which tend to measure duration of physical activity 
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generically, and may not be able to capture physical activity intensity accurately. 
Additionally, causality cannot be determined due to the cross-sectional study design. 
Thus, longitudinal studies, using objective measures of physical activity intensity are 
warranted in order to further our understanding of associations between different 
intensities of physical activity and academic achievement.  
 
Studies conducted among adolescents have shown moderate- to vigorous- intensity 
physical activity in year 8 was positively associated with mathematics achievement 
in year 9 for girls but not for boys (Owen et al., 2018b). Similarly, a further study 
showed moderate- to vigorous- intensity physical activity at age 11 years was 
positively associated with English, mathematics and science achievement at age 16 
years (Booth et al., 2014). 
 
While studies among adolescents are promising, few studies (n=3) have explored 
longitudinal association between physical activity and academic achievement among 
primary school-aged children, and only one used an objective measure of physical 
activity intensity. This was highlighted in a recent (2017) systematic review 
examining the relationship between self-report and objectively measured physical 
activity, cardiorespiratory fitness and academic achievement among primary and 
secondary school-aged children and adolescents (Marques et al., 2017).  Of the 51 
included studies, 15 were conducted among primary school-aged children. Of those, 
none investigated longitudinal associations between objectively assessed physical 
activity intensity and academic achievement. Two of the included studies 
investigated longitudinal associations between parent proxy-reported overall physical 
activity and academic achievement and results were mixed (Haapala et al., 2014, 
Stevens et al., 2008). Haapala et al. (2014) reported that overall physical activity in 
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year 1 was positively associated with reading fluency in year 2 for boys (n=107), but 
negatively associated for girls (n=79). In contrast, the other study, utilising a large 
sample of 6482 children, reported overall physical activity in year 3 was positively 
associated with mathematics and reading achievement in year 5 for both boys and 
girls (Stevens et al., 2008). Differences in sample sizes, age of children, measures of 
academic achievement, measures of overall physical activity as well as time between 
physical activity and academic achievement measures used in each of those studies 
provides a possible explanation for these divergent results. Stevens et al. (2008) 
measured academic achievement using a power test, while Haapala et al. (2014) used 
a speed test. Speed tests measure speed of performance (children are required to 
answer as many questions as they can within a short time limit (e.g. 3-mins)), while 
power tests give children enough time to attempt all questions, thus performance is 
based on knowledge, regardless of response speed (Goldhammer, 2015). Further, 
Stevens et al. (2008) measured overall physical activity in terms of frequency of 
participation (number of days per week), while Haapala et al. (2014) measured 
duration of participation (minutes per week). Additionally, these studies asked 
parents to report physical activity generically (i.e. did not specify intensity) and were 
therefore limited by the lack of consideration for different intensities of physical 
activity. Light- intensity physical activity in particular is difficult for parents to report 
accurately (Bender et al., 2005). 
 
It may be important to consider associations with light- intensity physical activity, 
given children spend most of their physically active time in light- intensity physical 
activity (Dumuid et al., 2017). Additionally, while moderate- to vigorous- intensity 
physical activity is associated with health benefits, light- intensity physical activity is 
preferable to time spent sedentary in terms of health benefits (Fuzeki et al., 2017). To 
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date, only one study (not included in the above review) has investigated longitudinal 
associations between objectively measured light- and moderate- to vigorous- 
intensity physical activity and academic achievement (Haapala et al., 2017). That 
study investigated associations between physical activity in year 1 and speed tests of 
reading fluency, reading comprehension and arithmetic skills in years 2 and 3 among 
153 children (Haapala et al., 2017). Results showed light- intensity physical activity 
in year 1 was negatively associated with arithmetic skills in year 2 for girls, but 
positively associated with reading performance in year 3 for boys (Haapala et al., 
2017). Moderate- to vigorous- intensity physical activity in year 1 was also positively 
associated with reading fluency in years 2 and 3 for boys (Haapala et al., 2017). No 
other significant associations between light- or moderate- to vigorous- intensity 
physical activity and academic achievement were observed (Haapala et al., 2017).  
These results suggest that both light- and moderate- to vigorous- intensity physical 
activity may benefit academic achievement, particularly for boys (Haapala et al., 
2017). However, drawing definitive conclusions is difficult due to the single study, 
small sample size and the use of speed tests of academic achievement.  
 
It is clear few studies have examined longitudinal associations between different 
intensities of overall physical activity and academic achievement among primary 
school-aged children. Further, there are methodological limitations among those that 
have, including use of self-report measures of physical activity, lack of consideration 
for light- intensity physical activity, small sample sizes and use of speed tests of 
academic achievement. Thus, additional research is needed to further our 
understanding of how different intensities of overall physical activity may or may not 
be associated with academic achievement over time. This information will allow 
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researchers to make recommendations to parents and teachers as to the intensity of 
physical activity required to maximise academic achievement.  
 
2.9.2 ORGANISED SPORT PARTICIPATION AND CLASSROOM BEHAVIOUR OUTCOMES 
As described in section 2.8, organised sport is a specific type of physical activity that 
is ‘organised and usually competitive, and played in a team or as an individual’ 
(Eime et al., 2013). Participation in organised sport may have academic-related 
benefits beyond that derived from other more unstructured forms of physical activity 
(e.g. active play). This perhaps relates to the focus required when playing organised 
sport, compared with participating in unstructured physical activity.  For example, 
playing sport requires much focus on the sports field (e.g. players are required to be 
constantly thinking strategically about the rules and their and their teammates next 
actions) (Alesi et al., 2016). The focus learned on the sports field may subsequently 
lead to improved focus in the classroom.  
 
Studies among secondary school students have reported positive associations 
between sports participation and academic achievement (Domazet et al., 2016, Dyer 
et al., 2017, Lumpkin and Favor, 2012, Fox et al., 2010). However, a recent 
systematic review (Donnelly et al., 2016) concluded that studies of the association 
between sport participation and academic achievement and cognitive function among 
primary school-aged children are lacking; no studies met their inclusion criteria.   
 
Other studies among primary school-aged children have explored associations 
between sport participation and classroom behaviour outcomes. Results were 
inconsistent, with some reporting team sport participation (Vella et al., 2014, Piche et 
al., 2015), and others reporting individual sport participation (Pan et al., 2016) was 
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associated with better classroom behaviour outcomes.  A study of 935 children found 
that team sport participation in kindergarten predicted better teacher-reported 
classroom engagement (work orientation, compliance and persistence in the 
classroom) by year 4, while individual sport participation did not (Piche et al., 2015).  
Similarly, a longitudinal study of 4042 children showed those who maintained 
participation in both team and individual sport, or in team sport alone between the 
ages of 8 and 10 years, had higher school functioning scores (e.g. paying attention in 
class and keeping up with school work) at age 10 years compared with those who 
participated in individual sport alone (Vella et al., 2014). These results suggest that 
team sport participation may have greater effects on classroom behaviour outcomes, 
compared with individual sport participation. However, a further study reported that 
parent reported attention problems reduced following a 12-week table tennis 
(individual sport) intervention among Taiwanese boys aged 6 to 12 years (n=32) with 
attention deficit hyperactivity disorder (Pan et al., 2016). That study was limited by a 
small sample size and inclusion of only boys (Pan et al., 2016). The other two studies 
(Vella et al., 2014, Piche et al., 2015) had large sample sizes, perhaps providing 
stronger evidence for the conclusion that team sport participation may be more 
strongly associated with classroom behaviour outcomes than individual sport 
participation.  Nonetheless, with few studies, combined with divergent results further 
research is needed to be able to make recommendations regarding type of sport 
participation that should be encouraged to maximise classroom behaviour outcomes. 
 
In addition to type of sport participation, level of participation (e.g. duration and 
frequency) may also make a difference to associations with classroom behaviour 
outcomes. While no studies among primary school-aged children have explored 
associations between level of sport participation and classroom behaviour outcomes, 
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two studies have investigated associations with academic achievement. Saevarsson et 
al. (2017) reported children (n=248; age=9 years) who participated in sport ≥ 4 times 
per week had significantly higher mathematics scores, compared with children who 
participated in sport ≤ once per week and 2-3 times per week. In contrast, Haapala et 
al. (2014) reported minutes per day of sport participation in year 1 was not associated 
with academic achievement in years 1 to 3.  With divergent results, and few studies it 
is not possible to make definitive conclusions regarding how level of sport 
involvement may influence academic achievement.  Additionally, while that study 
showed associations did not differ by sex, no other study among primary school-aged 
children has explored whether or not sex makes a difference to associations. 
However, classroom behaviour outcomes (Maguire et al., 2016) and sport 
preferences (Kren et al., 2012) have been shown to differ between boys and girls.  
Thus, it is possible that sex may influence associations between sport participation 
and classroom behaviour outcomes and may be important to investigate. 
 
While results regarding the influence of sport participation on classroom behaviour 
outcomes is somewhat encouraging, no study has adjusted for overall physical 
activity. Thus, it is unknown whether improvements in classroom behaviour 
outcomes observed were due to the unique characteristics of sport participation 
(compared with other more unstructured forms of physical activity), or the physical 
activity derived from sport participation. In a study among secondary school-aged 
children, positive associations between sport participation and academic achievement  
remained significant even after adjusting for physical activity (Fox et al., 2010). This 
suggests that sport participation has positive effects on academic achievement over 
and above that derived from overall physical activity.  
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It is clear few studies have examined associations between sport participation and 
classroom behaviour outcomes among primary school-aged children. Further, there 
are methodological limitations among those that have, including investigations with 
(1) type of sport participation (individual vs. team); (2) level of sport participation; 
(3) investigation of sex differences in associations; and (4) adjustment for overall 
physical activity levels.  Nonetheless, given the potential for organised sport 
participation to contribute to improved classroom behaviour outcomes and to 
increased physical activity levels, further research is warranted. If organised sport 
participation is shown to benefit classroom behaviour outcomes, parents may be 
encouraged to provide more opportunities for their children to participate in 
organised sport. This can contribute to minutes towards attaining recommended 
physical activity levels.  However, not all children enjoy participating in organised 
sport (e.g. due to dislike of competition)  (McCarthy et al., 2008). Thus, additional 
opportunities for physical activity may still be required in order for children to 
achieve the recommended 60-minutes per day of moderate- to vigorous- intensity 
physical activity (sections 2.3 and 2.4). Classroom-based physical activity provides 
another way for children to be active.  
 
2.9.3 CLASSROOM-BASED PHYSICAL ACTIVITY AND ACADEMIC-RELATED OUTCOMES 
Classroom-based physical activity interventions have been shown to have a positive 
effect on academic-related outcomes.  Classroom-based physical activity includes 
active breaks, curriculum focussed active breaks and physically active lessons 
(section 2.8.2 and glossary for definitions). It is possible that some forms of 
classroom-based physical activities may have a stronger effect on academic-related 
outcomes, compared with other forms of classroom-based physical activity.  A meta-
analysis of 38 studies (intervention, cross-sectional and longitudinal) of the 
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association or effect of school-based physical activity (including recess, physically 
active lessons, active breaks and Physical Education) on school engagement (e.g. 
classroom behaviour and lesson enjoyment) provides support for this hypothesis 
(Owen et al., 2016). In that study, results indicated that there was no intervention 
effect on school engagement for physically active lessons (n=5 studies; d=0.22; 
95%CI: -0.21,0.66) However, there was a positive intervention effect on school 
engagement for active breaks (n=4 studies; d=0.55; 95%CI:0.02,1.06) (Owen et al., 
2016).  Thus, it is plausible that active breaks provide more academic-related benefit 
than physically active lessons. This is perhaps due to differences in physical activity 
intensities achieved through each of the forms of classroom-based physical activity. 
For example, it may be possible to achieve a higher physical activity intensity during 
active breaks (e.g. jumping or jogging on the spot), compared with physically active 
lessons (e.g. measuring the length of the sports field). However, this conclusion 
remains speculative, based on only nine studies in total, and none directly comparing 
the two types of interventions.  
 
In addition to possible greater academic-related benefit associated with active breaks, 
this particular type of classroom-based physical activity may be more acceptable for 
teachers, compared with other forms of classroom-based physical activity. For 
example, during qualitative interviews involving 26 primary school teachers and 
principals regarding feasible characteristics of classroom-based physical activity 
programs, most participants (n=20) expressed a preference for active breaks 
compared with physical activity integrated into lesson content (van den Berg et al., 
2017).  Thus, given the minimal time commitment, active breaks may provide a 
feasible and acceptable approach to physical activity promotion for schools and 
teachers. Additionally, active breaks may help children to accrue minutes of 
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moderate- to vigorous- intensity physical activity towards meeting physical activity 
guidelines while simultaneously improving academic-related outcomes. 
 
2.9.3.1 Active breaks 
Studies exploring the effect of active breaks have mostly reported null effects for the 
cognitive function, executive function (see Glossary, page 11). One intervention, 
utilising a cross-over study design involving 10 to 15 minute active breaks (reported 
in two separate papers) was shown to improve executive function (Hill et al., 2010, 
Hill et al., 2011). However, positive intervention effects were observed for only 
those receiving the intervention in the second week of delivery (Hill et al., 2010, Hill 
et al., 2011). There was no intervention effect on executive function for those 
receiving the intervention in the first week of delivery (Hill et al., 2010, Hill et al., 
2011). Thus, it is possible that a sufficient washout period was not applied.  A further 
study showed no difference between groups in executive function following 5, 10 
and 20 minute active breaks (one condition delivered per week) among 96 children 
aged 9 to 12 years (Howie et al., 2015). Those studies measured executive function 
overall (Hill et al., 2010, Hill et al., 2011, Howie et al., 2015). It is possible that 
intervention effects on executive function are specific to the subdomain assessed. 
The subdomains of executive function include inhibition, planning, working memory 
and cognitive flexibility (Miyake et al., 2000). 
 
Ma et al. (2015) reported that compared with no activity condition, the executive 
function subdomain of inhibition (referred to as selective attention in that study) 
improved among 44 children in years 2 and 4 immediately following 4-minute 
vigorous- intensity active breaks. Other studies have also reported the particularly 
beneficial acute effect of active breaks on selective attention following moderate-
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intensity active breaks of 15-minute (n=123 children) (Janssen et al., 2014) and 20-
minutes (n=62 children) (Altenburg et al., 2016) among children aged between 10 
and 13 years. However, two studies reported no change in selective attention 
following a one-off 12 minute moderate-intensity active break (n=195 children) (van 
den Berg et al., 2016) and 10-minute moderate- to vigorous- intensity active break 
interventions (n=98 children) (Schmidt et al., 2016).  While all studies utilised strong 
study designs (cross-over or randomised controlled trial), and measures of selective 
attention with established validity and reliability (Brickenkamp and Zillmer, 1998, 
Manly et al., 2001b), those reporting positive effects were mostly implemented by 
research staff (2 out of 3 studies) (Ma et al., 2015, Janssen et al., 2014), while those 
reporting no effect on selective attention were either delivered by classroom teachers 
(supervised by research staff) (van den Berg et al., 2016) or did not report 
intervention delivery (Schmidt et al., 2016). Thus, differences in intervention 
delivery may provide a possible explanation for these divergent findings. 
Nonetheless, there is some evidence to suggest active breaks may be effective for 
improving the executive function subdomain of selective attention.  
 
Given the link between executive function and classroom behavior outcomes as 
outlined in the model described in section 2.7, it is possible active breaks may also be 
effective for increasing time in on-task and reducing time in off-task classroom 
behaviour. For example, 4-minute vigorous intensity active breaks, performed on 
alternating days were effective for reducing off-task classroom behaviour (Ma et al., 
2014b). A further study utilising 10-minute moderate- to vigorous intensity active 
breaks also showed that teachers who implemented active breaks reported 
improvements in classroom behaviour following participation in active breaks 
(Carlson et al., 2015). There may be an inverse dose-response relationship between 
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duration of active breaks and effect on classroom behaviour. For example, when 
comparing the effect of 5, 10 and 20 minute active breaks among 96 students in years 
4 and 5, Howie et al. (2014a) reported time on-task improved most after the 10-
minute active break condition (ES=0.50), compared with the 20 minute active break 
condition (ES=0.32).  However, no effect on classroom behaviour was found for the 
5-minute active break condition (Howie et al., 2014a).  
 
While intervention effects on classroom behaviour appear to be generally consistent, 
intervention effects on academic achievement depend on the intervention duration 
and type of test used to measure academic achievement. For intervention durations 
less than one year, studies generally indicate active breaks had no effect on academic 
achievement if academic achievement was measured using a standardised test (Mead 
et al., 2016, Lisahunter et al., 2014, Katz et al., 2010). However, for interventions 
less than one year, improvements in academic achievement have been observed 
when a progress monitoring tool was used to measure academic achievement (Howie 
et al., 2015). Tests of academic achievement are designed to either detect long-term 
(e.g. yearly) progress (e.g. standardised tests) or short-term (e.g. weekly) progress 
(e.g. progress monitoring tools).  Thus, intervention duration and type of test may 
provide a possible explanation for this finding.   
 
In addition to academic-related outcomes, active breaks may also provide a way to 
increase children’s physical activity levels. Using a self-reported questionnaire, 
Ahamed et al. (2007) showed that children who participated in a 16 month active 
break program performed 47-minutes per week more physical activity at school. 
However, self-report questionnaire data may be subject to social desirability response 
bias and thus levels of physical activity may be over-reported.  In contrast, studies 
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using objective measures of physical activity have shown much smaller changes in 
physical activity. One study reported that while there was no change in pedometer 
steps taken in the intervention group, there was a decline in steps taken for students 
in the control group following a 20 week active break program (Lisahunter et al., 
2014).  A further study, using an objective measure of physical activity intensity 
(accelerometry) showed that children whose teachers reported implementing active 
breaks in their classrooms over an 8 month period accrued 3.14 minutes more 
moderate-to vigorous- intensity physical activity per school day, compared with 
children whose teachers reported never holding active breaks (Carlson et al., 2015). 
While these results are promising, only one study used an objective measure of 
physical activity intensity (Carlson et al., 2015) to explore the effect of active breaks 
on moderate-to vigorous- intensity physical activity. Given many children do not 
attain the recommended levels of physical activity (section 2.4), it may be important 
to explore the effect of active breaks on moderate-to vigorous- intensity physical 
activity levels. This will provide a way of ascertaining whether such interventions 
can help children accrue minutes towards meeting physical activity guidelines.  
 
2.9.3.2 Limitations of active break interventions  
There are several limitations with existing active break programs. These include: (1) 
the lack of consultation with classroom teachers when developing the intervention 
(Riley et al., 2015a). This may impact feasibility and sustainability of such 
interventions beyond the study period (Erwin et al., 2012b).  For example, during 
qualitative interviews teachers indicated that they would be unlikely to adopt active 
breaks longer than 5-minutes due to time constraints associated with academic 
accountability (Howie et al., 2014b) (section 2.5.4). However, many existing 
programs require active break durations longer than 5-minutes (Hill et al., 2010, Hill 
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et al., 2011, Janssen et al., 2014, Whitt-Glover et al., 2011, Wilson et al., 2015). It is 
therefore important to involve teachers in the development of such interventions in 
order to ensure feasibility and sustainability in real world settings. While studies 
indicate that active breaks need to be longer than 5-mintes (at least 10-minutes), little 
is known regarding the academic-related benefits of shorter duration active breaks 
(e.g. 5-minutes). Thus, additional research is required to explore whether this more 
feasible approach can elicit improvements in academic-related outcomes.    
 
In addition to outcome evaluation it is important to conduct process evaluation to 
explore factors affecting feasibility and fidelity of interventions. However, to date 
only one previous active break intervention has been accompanied by a process 
evaluation (Howie et al., 2014b).  
 
A further limitation of existing active break programs is that few have been guided 
by a theory of behaviour change (Norris et al., 2015a). There is evidence that 
physical activity interventions underpinned by a theory of behaviour change are more 
effective and sustainable compared with those that were not underpinned by a theory 
(Michie and Abraham, 2004). 
 
2.11 SUMMARY OF THE LITERATURE REVIEW 
Globally, less than 50% of children are meeting the physical activity guidelines of 
60-minutes of moderate- to vigorous- intensity physical activity per day (Aubert et 
al., 2018).  Given low levels of physical activity and associated health and academic 
consequences (Janssen and LeBlanc, 2010), it is important to provide additional 
opportunities for children to be active. Further, promoting the potential academic-
related benefits of physical activity may encourage schools and parents to provide 
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additional opportunities for their children to be active. However, additional research 
is needed in order to make recommendations as to the intensity and type of physical 
activity required to maximise academic-related outcomes.  
 
While many cross-sectional studies indicate positive associations between overall 
physical activity and academic achievement, causality cannot be determined due to 
the cross-sectional study design, and longitudinal studies are warranted. However, 
few studies among primary school-aged children have explored longitudinal 
associations between overall physical activity and academic achievement, and results 
are inconclusive (Haapala et al., 2014, Haapala et al., 2017, Stevens et al., 2008). 
Existing longitudinal studies are limited by small sample sizes, parent proxy-report 
measures of physical activity, the use of speed tests of academic achievement as well 
as a lack of consideration for light-intensity physical activity.  
 
In addition to different physical activity intensities, little is known regarding the 
influence of different types of physical activity on academic-related outcomes. This 
thesis focuses on associations between two specific types of physical activity: 
organised sport participation and classroom-based physical activity with academic-
related outcomes.  Organised sport was chosen for this thesis due to its popularity 
among children, and potential to increase frequency of participation to contribute 
minutes towards meeting physical activity guidelines (Australian Sports 
Commission, 2018). Further, organised sport was hypothesised to be associated with 
greater academic-related benefit compared with other more unstructured forms of 
physical activity due to its unique characteristics (e.g. focus required when playing) 
(Alesi et al., 2016). Classroom-based physical activity was chosen as it provides a 
potentially feasible and attractive way for schools and teachers to help children 
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accrue more physical activity, while simultaneously improving academic-related 
outcomes. 
 
There is a dearth of literature investigating associations between organised sport 
participation and academic-related outcomes among primary-school-aged children  
(Donnelly et al., 2016). The existing few studies all indicate positive associations 
between organised sport participation and classroom behaviour outcomes (Vella et 
al., 2014, Piche et al., 2015, Pan et al., 2016). While encouraging, few studies (2 out 
of 3) have specifically compared associations with type of sport (i.e. individual vs. 
team based) (Vella et al., 2014, Piche et al., 2015), none considered level of sport 
participation (e.g. duration) or adjusted for overall physical activity. 
In addition to organised sport participation, classroom-based physical activity has 
also been shown to lead to improvements in academic-related outcomes (Erwin et al., 
2012b, Norris et al., 2015a), perhaps due to the physical activity being performed in 
the classroom (i.e. where learning occurs). Classroom-based physical activity can 
take three forms: active breaks; curriculum focussed active breaks and physically 
active lessons. A meta-analysis suggested that active breaks may lead to greater 
improvements in academic-related outcomes, compared with other forms of 
classroom-based physical activity (Owen et al., 2016).  Additionally, qualitative 
studies show that most teachers preferred active breaks, due to their ease of 
implementations compared with other forms of classroom-based physical activity 
(van den Berg et al., 2017).  Thus, an active break intervention, and not a curriculum-
focussed active break, or physically active lesson intervention was developed for this 
thesis. 
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Previous active break interventions have been limited by the lack of inclusion of an 
objective measure of physical activity intensity to assess intervention effects on 
moderate- to vigorous- intensity physical activity levels, a measure of academic 
achievement suitable for the intervention duration, as well as a lack of consultation 
with classroom teachers in the development phase (Watson et al., 2017a). 
Additionally, few have been accompanied by process evaluation to assess factors 
affecting fidelity and feasibility of such interventions (Howie et al., 2014b). 
 
2.11 THESIS AIMS 
The overarching aim of this thesis is to explore the intensities and types of physical 
activity needed to maximise academic benefit. This thesis aims to, in the primary 
school-aged population:  
1. Explore broad associations between objectively measured overall physical 
activity intensity and academic achievement (chapter 3) 
2. Look in-depth at the association between one type of physical activity, 
organised sport participation and classroom behaviour outcomes, a 
precursor for academic achievement. (chapter 4) 
3. Examine the effect of another type of physical activity, classroom based 
physical activity on academic-related outcomes by systematically 
reviewing the literature (chapter 5) and use this information to develop a 
classroom-based physical activity intervention that overcomes limitations 
of previous interventions (chapter 6). 
4. Test the potential efficacy, fidelity and feasibility of that classroom-based 
physical activity intervention (chapter 6) for improving academic and 
physical activity-related outcomes (chapters 7 and 8). 
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CHAPTER 3. LONGITUDINAL ASSOCIATIONS 
BETWEEN OBJECTIVELY ASSESSED PHYSICAL 
ACTIVITY AND ACADEMIC ACHIEVEMENT AMONG 
PRIMARY SCHOOL-AGED CHILDREN 
 
3.1 PREFACE  
This chapter will focus on associations between overall physical activity intensity 
and academic achievement to provide a broad overview of associations. As discussed 
in chapter 2, there are a plethora of cross-sectional studies investigating associations 
between overall physical activity and academic achievement among primary school-
aged children. While these studies mainly indicate positive associations between 
overall physical activity and academic achievement, cross-sectional studies do not 
allow causality to be explored and longitudinal studies are warranted. However, to 
date few (n=3) studies have examined longitudinal associations between physical 
activity and academic achievement among primary school-aged children (Haapala et 
al., 2014, Stevens et al., 2008, Haapala et al., 2017). Of these, most (2 out of 3) have 
used self-report measures of physical activity which may be subject to social 
desirability response bias and may be unable to accurately determine physical 
activity intensity (Haapala et al., 2014, Stevens et al., 2008). To date, only one study 
has used an objective measure of physical activity intensity to examine associations 
of different intensities of physical activity (light- and moderate- to vigorous- 
intensity) with academic achievement (Haapala et al., 2017). However, that study 
was limited by a small sample size and use of a speed test of academic achievement 
(Haapala et al., 2017), which measure speed of performance rather than knowledge 
(Goldhammer, 2015).     
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This chapter addresses Aim 1 (to explore broad associations between objectively 
measured overall physical activity intensity and academic achievement) by 
presenting a secondary analysis of longitudinal associations between objectively 
measured light- and moderate- to vigorous- intensity physical activity and academic 
achievement. That study utilises data from a sample of 337 primary school-aged 
children participating in the Healthy Active Preschool and Primary Years (HAPPY) 
study and a power test (measures knowledge, regardless of speed of performance) of 
academic achievement: the National Assessment Program – Literacy and Numeracy 
(NAPLAN) year 3 results. This standardised, nationally administered test of 
academic achievement assesses literacy and numeracy and is undertaken annually by 
all children attending years 3, 5, 7 and 9 at an Australian school.  Physical activity 
data were collected via 7-day accelerometry at one timepoint during 2011/2012 when 
participants were aged between 6 and 8 years. Academic achievement was assessed 
at one timepoint when children were in year 3 (age approximately 9 years). 
 
Analyses were adjusted for maternal education (proxy measure of individual socio-
economic position) as socio-economic position has been shown to be associated with 
both physical activity (Stalsberg and Pedersen, 2018) and academic achievement 
(White, 1982). Time to NAPLAN (i.e. years between the date physical activity 
measures were taken and first day of year 3 NAPAN testing) was also included as a 
covariate. Time to NAPLAN and age were significantly correlated (p<0.01). Thus, 
time to NAPLAN but not age was controlled for in analyses. There is some evidence 
that living in a single parent household, having no siblings and overweight status is 
associated with both lower physical activity levels (Sallis et al., 2000) and poorer 
academic achievement (Radl et al., 2017, Datar and Sturm, 2006). Thus, household 
composition (single or dual parent household), body mass index, and number of 
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siblings (categorised as no siblings; 1 sibling; 2 siblings; 3 or more siblings) were 
pretested as potential covariates.  These potential covariates were associated with 
some NAPLAN domains, however none were associated with either light- to 
moderate to vigorous- intensity physical activity. Thus, they were not included in 
analyses.   
 
The chapter is presented as a manuscript which has been prepared in accordance with 
the guidelines for the journal in which it has been submitted. 
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3.2 INTRODUCTION 
Regular participation in physical activity during childhood is associated with 
multiple physical and mental health benefits (Okely T et al., 2012). However, 
population-based studies have reported less than 50% of children in Australia and 
internationally achieve the recommended 60-minutes of moderate- to vigorous- 
intensity physical activity (MVPA) per day required to attain these health benefits, 
and participation rates decline throughout the primary school years (Aubert et al., 
2018).  In addition to health benefits, studies also show that participation in physical 
activity enhances children’s cognitive function, particularly executive function 
(ES=0.24-0.57) (de Greeff et al., 2018). Executive function has been linked to 
academic achievement (Best et al., 2011) through improvements in inhibiting 
irrelevant or inappropriate actions (inhibition), maintaining information in short-term 
memory (short-term memory) and switching attention between tasks (task switching) 
(Gordon et al., 2018).  Thus, it is expected that improvements in executive function 
may translate into improvements in academic achievement (Howie et al., 2014a). 
 
There is a growing body of literature that has investigated associations between 
physical activity and academic achievement. A 2017 systematic review showed 29 
studies examined associations between physical activity and academic achievement 
(Marques et al., 2017). Of those studies the majority were cross-sectional, which 
limits causal inference. Few (n=5) were longitudinal (Marques et al., 2017), 
highlighting an important gap in the literature. Of those longitudinal studies, three 
were conducted among secondary (Booth et al., 2014, Jaakkola et al., 2015, Suchert 
et al., 2016) and two were conducted among primary (elementary) school-aged 
children (Haapala et al., 2014, Stevens et al., 2008). Two out of three longitudinal 
studies among secondary school students reported positive associations between 
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physical activity and later academic achievement (Booth et al., 2014, Suchert et al., 
2016); one reported no association (Jaakkola et al., 2015). Results from longitudinal 
studies among primary-school aged children were mixed (Haapala et al., 2014, 
Stevens et al., 2008). Utilising a large sample of 6482 children, Stevens and 
colleagues (Stevens et al., 2008) reported physical activity in year 3 was positively 
associated with mathematics and reading achievement in year 5 for both boys and 
girls.  In contrast, Haapala and colleagues (Haapala et al., 2014) suggested sex 
differences in associations, with self-reported physical activity at year 1 positively 
associated among boys and negatively associated among girls with reading fluency at 
year 2 (Haapala et al., 2014). However, no associations were observed with reading 
comprehension or arithmetic skills at year 2, or for any of the academic outcomes at 
year 3 (Haapala et al., 2014). These mixed findings may be due to differences in 
sample sizes and/or the use of self-report measures of physical activity (Stevens et 
al., 2008, Haapala et al., 2014), which may be subject to social desirability response 
bias.  
 
To date, only two studies have used objective measures of physical activity to 
examine associations with later academic achievement. One from the Marques and 
colleagues’ review (Marques et al., 2017) among secondary (Booth et al., 2014), and 
one recent study among primary school-aged children (Haapala et al., 2017). The 
study among 4755 secondary school students showed that MVPA at age 11 was 
associated with enhanced English achievement at ages 11, 13 and 16 years for both 
boys and girls, and science achievement at age 16 years for girls, but not with 
mathematics achievement at any age (Booth et al., 2014). However, that study was 
limited by the lack of inclusion of light- intensity physical activity (LPA). It may be 
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important to consider associations with LPA, given children spend most of their 
physically active time in LPA (Dumuid et al., 2017).  
 
Among 153 primary school-aged children, Haapala et al. (2017) measured 
longitudinal associations between objectively-measured LPA and MVPA in year 1 
and reading fluency, reading comprehension and arithmetic skills in years 1, 2 and 3. 
Results showed LPA at year 1 was positively associated with reading fluency at year 
3 for boys, and negatively associated with arithmetic skills at year 2 for girls. 
Additionally, MVPA in year 1 was positively associated with reading fluency at 
years 2 and 3 among boys, but not girls (Haapala et al., 2017). While results are 
encouraging (particularly for boys), that study was limited by a small sample size 
and the use of speed tests of academic achievement. Speed tests require children to 
answer as many questions as they can within a short (e.g. 3-minute) time limit, thus 
measuring speed of performance, rather than knowledge (Goldhammer, 2015). An 
alternative measure is the power test which measures knowledge, regardless of speed 
of performance (Goldhammer, 2015).  
 
3.3 AIMS 
This study aimed to explore longitudinal associations between objectively-measured 
LPA, MVPA and academic achievement, using a power test of academic 
achievement (a nationally administered standardised test) among a large sample of 
primary school-aged children. 
 
3.4 METHODS 
PARTICIPANTS 
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Data were drawn from the Healthy Active Preschool and Primary Years (HAPPY) 
study, a cohort study that commenced when children were aged between 3 and 5 
years.  Information regarding the study methods has been published previously 
(Hinkley et al., 2012). At baseline 65 preschools (47% response rate), 71 long day 
care centres (46% response rate), and 1002 families (11% response) took part in the 
HAPPY study.  Of the 1002 families who participated at baseline, 766 (76% 
response) consented to be recontacted for future follow-up. Participants for the 
current study were 567 children (74% retention) aged between 6 and 8 years (years 1 
to 3) who participated in the second wave of HAPPY study data collection 
(2011/2012).  Ethical approval for the HAPPY study was obtained from the Deakin 
University Human Research Ethics Committee (EC 291-2007), Department of 
Education and Early Childhood Development (2011_001008), and the Catholic 
Education Office (1714). The Victorian Curriculum and Assessment Authority 
provided approval to access academic achievement data for those children with 
parent consent.  The final analytic sample comprised of 337 children (59%) with 
complete academic and physical activity data. 
 
OBJECTIVELY MEASURED PHYSICAL ACTIVITY INTENSITY 
Waist-worn ActiGraph GT1M accelerometers were used to provide a valid and 
reliable estimate of children’s overall LPA and MVPA (Trost et al., 1998). Children 
were asked to wear accelerometers during waking hours for eight consecutive days.  
LPA and MVPA (hours/day) were estimated using Freedson cut points (Freedson et 
al., 2005), with data collected in 15 second epochs (Bailey et al., 1995) and non-wear 
time defined as ≥20 minutes of consecutive zeros (Riley et al., 2015b, Hinkley et al., 
2017). Children’s physical activity was included for analyses if the accelerometer 
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had been worn for at least eight hours on at least 4 days, including one weekend day 
(Trost et al., 2005). 
 
ACADEMIC ACHIEVEMENT  
Academic achievement was assessed using results from a power test: the National 
Assessment Program – Literacy and Numeracy (NAPLAN) year 3 results, and 
provides a point-in-time assessment of how a child is progressing in the fundamental 
skills of literacy and numeracy (Australian Curriculum Assessment and Reporting 
Authority, 2016). NAPLAN is a standardised, compulsory, annual assessment 
(conducted in MAY each year) undertaken by all children in years 3, 5, 7 and 9 
attending Australian schools (Australian Curriculum Assessment and Reporting 
Authority, 2016) and has established validity and reliability (Australian Curriculum 
Assessment and Reporting Authority, 2014). This assessment measures achievement 
across five academic domains; language (grammar and punctuation), reading, 
writing, spelling and numeracy (Australian Curriculum Assessment and Reporting 
Authority, 2016). An achievement score is calculated for each of these five academic 
domains based on the number of items the student answered correctly.  This 
achievement score is then converted to a scale score, which ranges from 0 to 1000. A 
higher score indicates better academic achievement. With consent from parents, 
NAPLAN results were procured from the Australian Curriculum Assessment and 
Reporting Authority (ACARA) and matched to participants’ HAPPY data using 
standard data linkage procedures. 
 
COVARIATES 
Maternal education was included as a covariate apriori, and was found to be 
correlated with both LPA and most NAPLAN domains.  Inclusion or removal of 
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maternal education from analyses made no difference to outcomes. Therefore all 
results are reported with inclusion of maternal education as a covariate. Highest level 
of maternal education was reported through a parental questionnaire and provided a 
proxy measure of individual socio-economic position. It was categorised as (1) 
below university education and (2) university education.  
 
Time to NAPLAN (i.e. years between the date physical activity measures were taken 
and first day of year 3 NAPAN testing) was also included as a covariate.  Time to 
NAPLAN and age were significantly correlated (p<0.01). Thus, time to NAPLAN 
but not age was controlled for in analyses.  A range of additional variables were pre-
tested as potential covariates, including household composition (single or dual parent 
household), body mass index, and number of siblings (categorised as no siblings; 1 
sibling; 2 siblings; 3 or more siblings).  These potential covariates were associated 
with some NAPLAN domains, however none were associated with LPA or MVPA. 
Thus, they were not included in analyses.   
 
3.5 ANALYSES 
Stata version 15 (StataCorp, Texas, USA) software was used for analyses. 
Independent sample t-tests were used to compare continuous variables, and chi 
square analyses were used to compare categorical variables between boys and girls 
for participant characteristics. Linear regression was used to examine associations 
between hours/day spent in LPA and MVPA in the early primary school years (age 
6-8 years) and later academic achievement at year 3 (age approx. 9 years). Analyses 
controlled for accelerometer wear time, time to NAPLAN (i.e. time between when 
physical activity measures were taken and the first day of NAPLAN testing), 
maternal education, and were adjusted for clustering by baseline centre of 
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recruitment. As boys and girls have been found to differ in relation to physical 
activity levels (Australian Bureau of Statistics, 2013) and academic achievement 
(Australian Curriculum, 2016), all analyses were stratified by sex. Only children with 
complete data were included in analyses. 
 
3.6 RESULTS 
Participant demographic characteristics and NAPLAN scores for each academic 
domain are shown in Table 3.1.  There were no sex differences in participant age, 
maternal education levels, or hours/day spent in LPA. Boys spent more time in 
MVPA compared with girls (mean=1.91 versus 1.66 hours/day; t=5.12; p<0.001).  
Boys had higher scores in numeracy compared with girls (mean=458.98 versus 
439.44; t=2.28; p=0.02). However, girls had higher scores in writing than boys 
(mean=459.75 versus 434.91;t=-3.91; p<0.001). There were no sex differences in 
reading, language or spelling achievement. The mean time between when physical 
activity was measured and the first day of NAPLAN testing was 1.22 years, and 
ranged from 0.26 years to 2.79 years.  
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Table 3.1: Characteristics of participants  
 Male Female Sex difference 
Total sample; n (%) 194 (57) 143 (43)  
Age in years; mean (SD) 7.62 (0.69) 7.51 (0.69) t=1.49; p=0.14 
Maternal education; n (%)   χ2=0.34; p=0.56 
   < University 58 (30) 47 (33)  
   ≥ University 136 (70) 96 (67)  
PA hours/day; mean (SD)    
  LPA 3.89 (0.44) 3.93 (0.49) t=-0.78; p=0.43 
  MVPA 1.91 (0.48) 1.66 (0.38) t=5.12; p<0.001 
SB hours/day; mean (SD) 5.91 (0.69) 6.15 (0.68) t=-3.52; p<0.001 
NAPLAN score; mean (SD)    
  Language 477.57 (89.90) 493.39 (93.07) t=-1.57; p=0.12 
  Reading 479.33 (84.11) 482.16 (80.76) t=-0.31; p=0.76 
  Spelling 436.07 (78.15) 447.98 (70.90) t=-1.44; p=0.15 
  Writing 434.91 (63.91) 459.75 (48.17) t=-3.91; p<0.001 
  Numeracy 458.98 (80.57) 439.44 (72.93) t=2.28; p=0.02 
Years to NAPLAN (mean (SD) 1.24 (0.69) 1.20 (0.60) t=0.57; p=0.57 
Bold text denotes significant associations p<0.05 
PA: physical activity; LPA: light- intensity physical activity; MVPA: moderate- to vigorous- intensity 
physical activity
 
Associations of (1) LPA and (2) MVPA at age 6 to 8 years with year 3 NAPLAN 
scores (age approx. 9 years) are shown in Table 3.2, reported separately for boys and 
girls. Results showed girls who spent more hours per day in LPA at age 6 to 8 years 
had lower year 3 NAPLAN scores in language, with each additional hour per day of 
LPA associated with scores 30.30 points lower in language.  Among boys, there were 
no associations between LPA and any of the academic outcomes assessed.  Instead, 
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boys who spent more hours per day in MVPA had lower year 3 NAPLAN scores, 
with each additional hour per day of MVPA associated with scores 30.71 to 33.21 
points lower in reading, spelling and language. No other significant associations were 
observed between LPA or MVPA and any of the other academic domains. 
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Table 3.2: Associations between light- (LPA) and moderate- to vigorous- intensity (MVPA) physical activity (hours/week) and 
NAPLAN scores 
 
LPA (hours/day) MVPA (hours/day) 
Outcome 
Boys 
B (95%  CI) 
n=188 to 190 
Girls 
B (95%  CI) 
n=141 to 142 
Boys 
B (95%  CI) 
n=188 to 190 
Girls 
B (95%  CI) 
n=141 to 142 
Reading -11.70 
(-42.69,19.28) 
-0.68 
(-28.01,26.65) 
-30.71 
(-60.06,-1.36) 
-11.96 
(-46.69,22.77) 
Writing -15.19 (-44.99,14.61) 
-2.95 
(-22.96,17.05) 
-11.43 
(-29.32,6.46) 
-6.00 
(-27.75,15.74) 
Spelling -32.65 
(-65.77,0.48) 
-15.87 
(-36.84,5.11) 
-31.13 
(55.44,-6.82) 
-21.34 
(57.23,14.55) 
Language -16.01 
(-52.12,20,09) 
-30.30 
(-58.16,-2.43) 
-30.21 
(-55.71,-10.71) 
-41.62 
(-85.95,2.70) 
Numeracy -12.40 
(-43.04,18.24) 
-18.55 
(-41.15,4.05) 
-13.48 
(-36.66,9.70) 
-26.82 
(-56.20,2.55) 
Bold text denotes significant associations p<0.05 
Adjusted for accelerometer wear time, time to NAPLAN, maternal education and clustering 
LPA: light- intensity physical activity; MVPA: moderate- to vigorous- intensity physical activity 
*Participant numbers varied depending on NAPLAN domain  
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3.7 DISCUSSION 
This study is one of the first to examine longitudinal associations between 
objectively measured LPA, MVPA and academic achievement among primary 
school-aged children. The predominant finding from this study was that more hours 
per day of LPA for girls, and MVPA for boys during early primary school were 
negatively associated with academic achievement in literacy-related domains in 
middle primary school.   
 
The finding that physical activity was negatively associated with academic 
achievement contrasts findings from similar studies among secondary school-aged 
children, which have indicated positive (Booth et al., 2014, Suchert et al., 2016) or 
no association (Jaakkola et al., 2015) between physical activity and later academic 
achievement. Findings from studies among primary school-aged children have been 
mixed, indicating positive associations for both boys and girls (Stevens et al., 2008), 
or positive associations for boys, but negative associations for girls (Haapala et al., 
2014, Haapala et al., 2017). Studies reporting positive associations have mainly used 
self-report measures of physical activity (Suchert et al., 2016, Jaakkola et al., 2015, 
Stevens et al., 2008), providing a possible explanation for divergent results. A recent 
systematic review of studies investigating associations between self-report (n=18 
studies) and objectively assessed (n=11 studies) physical activity provides support 
for this hypothesis (Marques et al., 2017). That review reported differences in 
findings by physical activity measure.  Studies using self-report measures of physical 
activity generally reported positive associations between physical activity and at least 
one measure of academic achievement (14 out of 18 studies). In contrast, studies 
using objective measures of physical activity were more mixed with approximately 
half reporting positive associations (5 out of 11), half reporting no association (5 out 
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of 11), and one reporting negative associations. Additionally, studies reporting 
positive associations between self-reported physical activity and academic 
achievement generally used school grades to measure academic achievement (10 out 
of 14). The bias inherent in both self-report measures of physical activity and 
academic achievement may explain the positive associations observed in those 
studies. The utilisation of an objective measure of physical activity intensity, 
combined with an objective, standardised measure of academic achievement was 
utilised in this study, provides a possible explanation for the negative associations 
between overall physical activity and academic achievement observed in this study. 
 
It is also possible that the negative associations between physical activity and 
academic achievement observed in this thesis relate to the lag time between physical 
activity and academic achievement measures being taken. That is, physical activity 
may need to be performed immediately before or during learning tasks for 
improvements in academic achievement to occur. Multiple studies have reported 
positive acute effects of short bouts of physical activity (Verburgh et al., 2014), as 
well as positive effects of movement integrated into learning (Norris et al., 2015a) on 
cognitive function, classroom behaviour and academic achievement. Additionally, as 
declines in physical activity tend to occur with increasing age (section 2.4), it is 
possible that participants were more active when the physical activity measures were 
taken, compared with when academic achievement was assessed. However, with few 
longitudinal studies and mixed findings (Haapala et al., 2014, Haapala et al., 2017, 
Stevens et al., 2008), this assertion remains speculative. 
 
An additional explanation for negative associations between physical activity and 
academic achievement observed in this thesis may relate to the amount of physical 
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activity performed by participants. A cross-sectional study noted inverse U-shaped 
associations between self-report physical activity and academic achievement 
(Syväoja et al., 2013). That study indicated that children who participated in at least 
60-minutes of moderate- to vigorous- intensity physical activity per day on 5 to 6 
days per week had a higher grade point average than children who were active on 
zero to two days per week, or on seven days per week. The authors consequently 
proposed that there may be an optimal amount of physical activity from the 
perspective of academic achievement and suggested that some of the most active 
children may have spent time in physical activity at the expense of time on academic 
activities (Syväoja et al., 2013). The participants in that study achieved 107 minutes 
per day in moderate- to vigorous- intensity physical activity, on average, and thus 
may have exceeded this proposed optimal amount of physical activity for academic 
achievement (Syväoja et al., 2013). A further cross-sectional study, noting negative 
associations between physical activity and academic achievement among a large 
sample of 1778 children and adolescents aged 6 to 18 years (Esteban-Cornejo et al., 
2014) also suggested the negative associations observed may be due to children 
compensating for spending more time in physical activity by spending less time 
studying (Esteban-Cornejo et al., 2014). However, when tested results did not 
support this hypothesis (Esteban-Cornejo et al., 2014). The children in this thesis 
were primary school-aged and thus unlikely to study, per se. However, future studies 
may consider investigating how time spent in other academic-related activities such 
as reading may influence associations between physical activity and academic 
achievement. 
 
The finding that associations between moderate- to vigorous- intensity physical 
activity and academic achievement were stronger for boys was contrary to expected. 
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Similar studies have reported negative associations between moderate- to vigorous- 
intensity physical activity and academic achievement for girls but positive 
associations for boys (Haapala et al., 2014, Haapala et al., 2017). Although in the 
opposite direction significant associations were mainly observed for boys (Haapala et 
al., 2014, Haapala et al., 2017). The authors suggested this may be due to the larger 
number of boys (n=89) compared with girls (n=64) in that study sample, allowing 
greater statistical power to observe significant associations (Haapala et al., 2017). 
The sample utilised in this thesis also had a larger number of boys than girls, which 
may explain the stronger associations observed for boys, compared with girls. 
 
3.8 STRENGTHS AND LIMITATIONS 
Limitations of this study include a lack of consideration of activities related to 
learning that children may engage in when not being active (e.g. reading and 
studying). Further, although a valid and reliable measure of academic achievement 
was used, that measure provides a point-in-time estimate of academic achievement. 
Additionally, NAPLAN does not capture broader capabilities related to learning such 
as critical thinking, communication, collaboration and creativity (Blaise J., 2008). 
Thus, based on results of this thesis it cannot be concluded that children who are 
more active perform worse in the classroom, than children who are less active.  
Future studies should consider assessing associations between physical activity and 
classroom performance more broadly, as well as how associations are influenced by 
non-active activities related to learning (e.g. reading).  This thesis also had varying 
time intervals between when physical activity and when academic achievement were 
measured (ranging from around 3 months to over 2.5 years) and no ‘baseline’ 
academic achievement was available with which to adjust the models.  Despite these 
limitations, the current study had several important strengths including the use of an 
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objective measure of physical activity intensity, the inclusion of LPA, a valid and 
reliable nationally-administered power test of academic achievement, large sample 
size and longitudinal study design, and tested for a range of potential covariates. 
 
3.9 CONCLUSION 
The current study was one of the first to examine longitudinal associations between 
objectively assessed LPA and MVPA and academic achievement among primary 
school-aged children.  Results suggest among boys overall moderate- to vigorous- 
intensity physical activity during early primary school is associated with poorer 
academic achievement in literacy-related domains in middle primary school.  In 
contrast, among girls overall light- intensity physical activity was associated with 
poorer academic achievement in only one literacy related domain. However 
NAPLAN provides a point-in-time estimate of academic achievement and does not 
capture classroom performance more broadly. While it is possible physical activity 
may have a negative effect on academic achievement, it should also be considered 
that the association between physical activity and academic achievement may be 
complex. Future studies should consider assessing longitudinal associations between 
physical activity and broader capabilities, and whether or not associations are 
influenced by non-active activities related to learning.   
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CHAPTER 4. ASSOCIATIONS BETWEEN ORGANISED 
SPORT PARTICIPATION AND CLASSROOM 
BEHAVIOUR OUTCOMES 
 
4.1 PREFACE 
Chapter 3 described the results of a secondary analysis of longitudinal associations 
between objectively measured overall light- and moderate- to vigorous- intensity 
physical activity and academic achievement. That study provided a broad 
investigation into associations between overall physical activity intensity and 
academic achievement. The predominant finding was contrary to expected; that 
among boys overall moderate- to vigorous- intensity physical activity during early 
primary school was inversely associated with academic achievement in literacy-
related domains in middle primary school.  
 
To provide a deeper understanding of associations between physical activity and 
academic achievement, the focus was narrowed onto associations of a specific type 
of physical activity, organised sport participation, with classroom behaviour 
outcomes, as a possible precursor for academic achievement (Kremer et al., 2016, 
Hirvonen et al., 2010) (section 2.7).  Organised sport participation was specifically 
chosen for this thesis due to its potential to contribute to both physical activity and 
academic-related outcomes. Participation in organised sport is popular among 
children, with approximately half (47 to 53%) of children globally, and two thirds of 
children in Australia (60 to 66%) reporting participation in organised sport (Aubert et 
al., 2018). However, frequency of participation is low in Australia with few children 
(21.9%) reporting participation in organised sport more than three times per week 
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(Australian Sports Commission, 2018).  Children who participate in organised sport 
have been shown to accrue more physical activity (Hebert et al., 2015). Further, 
organised sport was hypothesised to be associated with greater improvements in 
classroom behaviour compared with other more unstructured forms of physical 
activity (e.g. active play) due to its unique characteristics (e.g. focus required when 
playing) (Subramanian et al., 2015). Thus, increasing frequency of participation in 
organised sport has the potential to contribute minutes towards meeting physical 
activity guidelines, while also improving classroom behaviour outcomes.    
 
This chapter addresses Aim 2 (To look in-depth at the association between one type 
of physical activity, organised sport participation and classroom behaviour outcomes, 
a precursor for academic achievement) by describing a secondary analysis of cross-
sectional associations of organised sport participation with classroom behaviour 
outcomes among primary school-aged children. This study utilised data from the 
Health Active Preschool and Primary Years study. It aims to address limitations of 
previous studies by investigating associations between (1) type (individual vs. team 
based) and duration (hours/week) of sport participation and classroom behaviour 
outcomes among primary school-aged children, and (2) whether or not associations 
persist after adjusting for overall physical activity.  Possible sex differences in 
associations were also explored. 
 
The text from this chapter has been accepted for publication in PlosOne. 
  
Watson A, Timperio A, Brown H, Hinkley T, Hesketh KD. Organised sport 
participation and classroom behaviour outcomes among primary school-aged 
children. PloS One. [Accepted 6 December, 2018]. 
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4.2 INTRODUCTION 
In addition to the well-established physical and mental health benefits of physical 
activity, (Okely T et al., 2012) emerging evidence from meta-analyses and 
systematic reviews show that physical activity may also be important for improving 
classroom behaviour (Erwin et al., 2012b, Watson et al., 2017a). It is possible that 
physical activity improves cognitive function through psychosocial mechanisms, 
including self-esteem and physical self-perceptions (Lubans et al., 2016). Through 
improvements to cognitive function (e.g. attention and executive function) 
improvements in classroom behaviour may occur (Howie and Pate, 2012). 
Classroom behaviour has been shown to predict later academic achievement (e.g. test 
scores), i.e. children who displayed more on-task classroom behaviour in preschool 
scored better in subsequent reading and spelling tests in years 1, 2 and 4 (Hirvonen et 
al., 2010). Thus, physical activity may not only benefit health, but may also benefit 
academic achievement via improvements in classroom behaviour and cognitive 
function. This study focusses on associations with classroom behaviour. While 
recently there has been increased interest in the impact of physical activity on 
classroom behaviour outcomes, less is known about whether particular types of 
physical activity are differentially associated with this outcome.  
 
Organised sport is a specific type of physical activity and is typically defined as 
‘organised, usually competitive, and can be played with a team or as an individual’ 
(Eime et al., 2013) Sport participation provides one way in which children can accrue 
physical activity. Organised sport is popular among children in Australia, with two 
thirds of children aged 5 to 14 years reporting participation in the previous 12 
months (Active Healthy Kids Australia, 2016).  However, participation rates decline 
with age, particularly in adolescence. For example, in Australia approximately 84 to 
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89% of primary and 41 to 75% of secondary school-aged children participated in 
organised sport in the previous week (Active Healthy Kids Australia, 2016), 
contributing to the age related decline in physical activity.  Thus, maintaining sport 
participation throughout childhood may be important for attaining recommended 
physical activity levels and associated health benefits. 
 
In addition to health benefits, sport participation has been shown to be associated 
with many psychological and social benefits, beyond that derived from physical 
activity, including improvements to self-control and emotional regulation (Eime et 
al., 2013). These distinct benefits are perhaps due to unique characteristics of sport 
participation, compared with other forms of physical activity. For example, 
compared with other more unstructured forms of physical activity (e.g. free play), 
when playing sport (e.g. tennis, football etc.), players are constantly thinking (e.g. 
thinking quickly and strategically about the rules, their next move, and their team 
mates actions) (Alesi et al., 2016), which requires a great deal of focus. The focus 
practiced on the sports field may translate to better focus in the classroom. 
 
Sport can be played as a team or as an individual. It is possible that these different 
types of sport may contribute differently to focus on the field, and subsequently 
focus in the classroom.  Studies of the associations between sport participation and 
classroom behaviour among primary school-aged children are lacking (Donnelly et 
al., 2016).  One study reported that Taiwanese boys aged 6 to 12 years with attention 
deficit hyperactivity disorder displayed less parent reported attention problems 
following a 12-week table tennis (individual sport) intervention (Pan et al., 2016). It 
has been suggested that individual sports require a greater level of focus than team 
sports as players don’t have their team mates to rely on and cannot “tune out” easily 
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(Children and Adults with Attention-Deficit/Hyperactivity Disorder (CHADD): The 
National resource on ADHD, 2018). As such, children with attention deficit 
hyperactivity disorder are often encouraged to play individual sports (Children and 
Adults with Attention-Deficit/Hyperactivity Disorder (CHADD): The National 
resource on ADHD, 2018). Thus it is possible that individual sports may be more 
strongly associated with classroom behaviour, compared with team sports. However, 
another study of longitudinal associations between type of sport participation and 
school functioning among primary school-aged children showed school functioning 
scores were higher among those who participated in both team and individual sport, 
or in team sport alone, compared with individual sport alone (Vella et al., 2014). A 
further study also found that team sport participation was associated with better 
classroom engagement, while individual sport participation was not (Piche et al., 
2015).  With few studies and divergent results, to increase our understanding of 
associations between sport participation and classroom behaviour outcomes, 
associations with type of sport may be an important consideration. 
 
Level of sport involvement (e.g. frequency and duration) may also influence the 
association with classroom behaviour outcomes, perhaps due to the extra physical 
activity.  However, no studies among primary school-aged children have considered 
associations between levels of sport involvement with classroom behaviour 
outcomes.  Previous studies among secondary school-aged children have investigated 
longitudinal associations between sport participation and academic achievement 
(Dyer et al., 2017). Results demonstrated that frequency of sports participation 
predicted English and Mathematics achievement at one year follow up (Dyer et al., 
2017). 
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Two previous studies among primary school-aged children considered associations 
between different levels of involvement in sport and academic achievement (Haapala 
et al., 2014, Saevarsson et al., 2017).  Saevarsson and colleagues (Saevarsson et al., 
2017) investigated cross-sectional associations between frequency of sport 
participation and academic achievement among 248 children aged 9 years.  Results 
indicated children who participated in sport ≤ once per week and 2-3 times per week 
had significantly lower mathematics scores, compared with children who participated 
in sport ≥ 4 times per week (Saevarsson et al., 2017). In contrast, Haapala and 
colleagues (Haapala et al., 2014) concluded there was no association between 
duration of sport participation (minutes/day) in Grade 1 and academic achievement 
in Grades 1 to 3. That study also showed there were no sex differences in 
associations. However, no other study among primary school-aged children has 
investigated sex differences in associations between sport participation and 
classroom behaviour or academic outcomes. Due to known sex differences in 
classroom behaviour outcomes (Maguire et al., 2016) as well as sport preferences 
(Kren et al., 2012) it may be important to investigate potential sex differences in 
associations. 
 
While results are promising, no study among primary school aged children has 
adjusted for overall physical activity (Vella et al., 2014). Thus, it is unclear whether 
improvements in classroom behaviour observed was due to sport participation per se, 
or the physical activity derived from sport participation.  A study among high school 
students indicated that sport participation was associated with higher grade point 
average independent of overall physical activity (Fox et al., 2010). This suggests that 
sport participation may have academic benefits beyond that derived from physical 
activity alone.   
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The current paper aims to expand on findings from previous studies by examining 
associations between (1) type (individual vs. team based) and duration (hours/week) 
of sport participation and classroom behaviour outcomes among primary school-aged 
children, and (2) whether or not associations persist after adjusting for overall 
physical activity. Sex differences in associations were explored as a secondary aim. 
 
4.3 METHODS 
PARTICIPANTS AND RECRUITMENT 
Participants for this study were drawn from the third wave of the Healthy Active 
Preschool and Primary Years (HAPPY) study, based in metropolitan Melbourne, 
Australia. The HAPPY study is a cohort study focusing on children’s physical 
activity (Abbott et al., 2016).  At baseline (2008-2009), a total of 71 (46%) childcare 
centres and 65 (47%) preschools agreed to be involved in the study. Parents 
(n=9794) of children aged 3–5 years at each participating centre were invited to take 
part. To be eligible, children needed to be aged between 3 and 5 years, attending a 
participating centre. Of the 1032 families (10.5%) who consented at baseline, 766 
agreed to be re-contacted in the future and formed the longitudinal arm of the study. 
Data for this paper is drawn from the third wave (T3) of the study, conducted in 
2014-2016, in which 568 children (74% retention) aged 9 to 11 years took part. 
Ethical approval for the HAPPY study was obtained from the Deakin University 
Human Research Ethics Committee (EC 291-2007), Department of Education and 
Early Childhood Development (2011_001008), and the Catholic Education Office 
(1714). Written informed consent was obtained from parents at each time point.  
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INDEPENDENT VARIABLE 
Parents completed a survey at T3 in which they reported their child’s participation in 
organised sport in the past month: “Thinking about the last month, has your child 
participated in any organised sports?” Organised sport refers to a specific type of 
physical activity that is ‘organised, usually competitive, and can be played with a 
team or as an individual’ (Eime et al., 2013), and performed outside of school hours. 
Parents reported the names of up to six organised sports their child participated in 
over the past month, as well as the number of times per week and the total time 
(hours and minutes) their child participated in each sport.  Responses were converted 
to overall duration of sport participation (hours/week), and also manually classified 
as team or individual, and participants were further categorised as (1) participates in 
team sport only (e.g. basketball, football, etc.); (2) participates in individual sport 
only (e.g. gymnastics, tennis, etc.); (3) participates in both team and individual sport; 
and (4) does not participate in sport. The definition used for team sports and 
individual sports were adopted from that used in a similar study (Vella et al., 2014).  
Responses totalling greater than 14 hours per week were truncated to reflect realistic 
levels of participation.  
 
DEPENDENT VARIABLES 
School functioning  
School functioning was measured via five items comprising the School Functioning 
subscale of the Pediatric Quality of Life (PedsQL) inventory (Varni et al., 1999). 
Using the following question: “In the past one month, how much of a problem has 
your child had with school functioning?” parents reported their child’s school 
functioning across five domains: paying attention in class; forgetting things; keeping 
up with schoolwork; missing school because of not feeling well; and missing school 
to go to the doctor or hospital. The following codes were assigned: ‘never’ 
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(score=100); ‘almost never’ (score=75); ‘sometimes’ (score=50); ‘often’ (score =25); 
‘almost always’ (score=0) (Varni et al., 1999). A mean score was computed. The 
parent report version of the PedsQL school functioning subscale has a high level of 
internal consistency in parents of 8 to 12 year old children (r=0.76), and was 
significantly correlated with academic achievement scores based on the Stanford 9 
(r=0.25, p<0.001) (Varni et al., 2006).  Further, both parent- and child- reported 
school functioning scores on the PedsQL have been shown to be similar (Williams et 
al., 2005) 
 
Inattention/hyperactivity 
Inattention and hyperactivity were assessed using the parent-report version of the 
Strengths and Difficulties Questionnaire (SDQ) (Goodman, 1997).  The SDQ is used 
to screen for emotional and behavioural problems in children aged 3–16 years. For 
the purpose of this study, only the five items comprising the inattention/hyperactivity 
subscale were used. These items capture inattention (2 items: “good attention span, 
sees chores or homework through to the end” and “easily distracted, concentration 
wanders”); hyperactivity (2 items: “restless, overactive” and “cannot sit still for long, 
constantly fidgeting or squirming”); and impulsivity (1 item: “thinks things out 
before acting”).  Each item was scored on a 3 point scale (not true=0, somewhat 
true=1, or certainly true=2). Following the published scoring protocol, scores for 
each item were summed to compute a subscale score (range 0-10), with higher scores 
indicating greater problems. The SDQ inattention/hyperactivity subscale (parent 
proxy-report) has been shown to correlate highly with comparable items on the Child 
Behaviour Checklist (r=0.71), and be at least as good as a semi-structured interview 
in detecting inattention/hyperactivity (Goodman and Scott, 1999). 
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Classroom behaviour (fidgetiness, poor concentration, acting without thinking) 
The SDQ was also used to identify parent perceptions of their child’s classroom 
behaviour using the following cross-informant question, “Over the last 6 months has 
your child’s teacher complained of…?” Parents reported their child’s classroom 
behaviour across 3 items including (a) fidgetiness, restlessness or overactivity; (b) 
poor concentration or being easily distracted; (c) acting without thinking, frequently 
butting in, or not waiting his or her turn. Response options were ‘no’, ‘a little’ and ‘a 
lot’.  A scoring protocol was not provided for this item. As few parents responded 
with ‘a lot’, responses were dichotomised as ‘no’ and ‘a little/a lot’.     
 
COVARIATES 
Socioeconomic position 
The highest level of maternal education was reported through the parental 
questionnaire and provided a proxy measure of individual socioeconomic position 
(SEP). This was categorised as (1) mid to low SEP (below university education) and 
(2) high SEP (university education).    
 
Physical activity  
Waist worn ActiGraph GT1M accelerometers were used to provide an objective 
measure of children’s overall physical activity levels.  The ActiGraph accelerometer 
commonly used in studies involving children (Rowlands, 2007) and has documented 
evidence of validity and reliability for measuring children’s physical activity (Trost 
et al., 1998). Children were asked to wear accelerometers during waking hours for 
eight consecutive days.  Data were collected in 15-second epochs (Bailey et al., 
1995) and non-wear time was defined as ≥20 minutes of consecutive zeros (Riley et 
al., 2015b, Hinkley et al., 2017). Freedson cut points were used to classify moderate- 
to vigorous- intensity physical activity (Freedson et al., 2005).  Children’s overall 
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physical activity was included in analyses if the accelerometer had been worn for a 
minimum of eight hours on at least four days, including one weekend day, expressed 
as average minutes/day of moderate- to vigorous- intensity physical activity (MVPA) 
(Trost et al., 2005), and adjusted for wear time (Willett and Stampfer, 1986).  MVPA 
was relatively normally distributed (skewness=0.56; kurtosis=3.21) and was only 
moderately correlated with duration of sports participation (r=0.38;p<0.001). 
 
4.4 ANALYSES 
Stata version 15 (StataCorp, Texas, USA) software was used for analyses. 
Independent samples t-tests were used to compare continuous variables, and chi 
square analyses were used to compare categorical variables between boys and girls. 
Associations between sport participation (duration and type) and classroom 
behaviour outcomes were explored using multiple linear regression for continuous 
outcomes (PedsQL mean school functioning and SDQ hyperactivity/inattention 
subscale scores) and multiple logistic regression for categorical outcomes (acting 
without thinking, fidgetiness and poor concentration).  Two models were considered. 
In model 1, all analyses controlled for socioeconomic position and were adjusted for 
clustering by baseline centre of recruitment. Model 2 adjusted for overall physical 
activity in addition to socioeconomic position and clustering. Sex interactions were 
also explored by testing for interactions in the regression models, and stratifying by 
sex if significant interactions were observed. All analyses were completed on the 
whole sample and stratified by sex if significant sex interactions were observed.  
Only children with complete data were included for analyses. 
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4.5 RESULTS 
The final analytic sample comprised of 438 boys and girls. Baseline characteristics of 
children in this sample were similar to those lost to follow up or excluded due to 
missing data in terms of sex (χ2=0.29;p=0.59) but retained children were from higher 
maternal education backgrounds (χ2=22.63; p<0.001). Participant characteristics are 
shown in Table 4.1, along with sport participation over the past month, and scores for 
the three academic-related outcomes.  The mean (standard deviation (SD)) age of 
participants was 10.56 (SD=0.71) years. Eighty-nine percent of children participated 
in sport. Boys and girls spent a similar amount of time playing sport overall, 
however, more girls than boys participated in individual sport only, and more boys 
participated in team sport only.  Further, the specific team and individual sports 
played by boys and girls differed.  For team sports, girls most frequently participated 
in dance and netball while boys played soccer, basketball and football.  For 
individual sports, girls tended to perform gymnastics, and boys tended to play tennis. 
Similar proportions of boys and girls participated in swimming, athletics and martial 
arts.  For both boys and girls, duration of sport participation was associated with 
overall moderate- to vigorous- intensity physical activity 
(B=0.05;95%CI:0.04,0.06;p<0.001). MVPA was relatively normally distributed 
(skewness=0.56; kurtosis=3.21).  Mean school functioning scores for boys and girls 
were slightly above the population norm of 76.91(Varni et al., 2003). Mean 
hyperactivity/inattention scores fell within the normal range (0-5) for the majority of 
boys and girls.   
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Table 4.1: Descriptive characteristics of participants 
 Total sample Males Females 
Demographic characteristics    
Total sample, n (%) 438 239 (54) 199 (45) 
Age in years, mean  10.56 (0.71) 10.58 (0.71) 10.53 (0.72) 
Maternal education, n (%)    
   < university 160 (37) 83 (35) 77 (39) 
   ≥ university 278 (63) 156 (65) 122 (61) 
Duration of sport participation     
 Total hours per week, mean  4.02 4.22 3.78 
Type of sport participation; n (% yes)     
Did not participate in sport last month 48 (11) 27 (11) 21 (11) 
Participated in team and individual sport last month 168 (38) 92 (38) 76 (38) 
Participated in individual sport only last month 104 (24) 46 (19) 58 (29) 
Participated in team sport only last month 118 (38) 74 (31) 44 (22) 
Overall moderate- to vigorous-intensity physical activity     
Total hours per day, mean 1.02 1.17 0.83 
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Table 4.1: Descriptive characteristics of participants (cont.) 
Academic-related outcomes  Total sample Males Females 
School functioning score (range 0-100), mean  81.21  79.02  83.84  
Hyperactivity score (range 0-10), mean  2.85  3.22  2.41 
Classroom behaviour, n (%)    
   Fidgetiness  
            Never 
            At least sometimes 
 
379 (87) 
59 (13) 
 
193 (81) 
46 (19) 
 
186 (93) 
13 (7) 
   Poor concentration 
            Never 
            At least sometimes 
 
306 (70) 
132 (30) 
 
143 (60) 
96 (40) 
 
163 (82) 
36 (18) 
   Acting without thinking 
            Never 
            At least sometimes 
 
377 (86) 
61 (14) 
 
192 (80) 
47 (20) 
 
185 (93) 
14 (7) 
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Associations of (1) overall duration of sport participation and (2) sport type, with 
academic-related outcomes are shown in Table 4.2. All associations were in the 
hypothesised direction, although most were not significant. Weekly duration of sport 
participation was not associated with any outcomes. Results from model 1 show that 
compared with no sport, participation in individual sport was associated with scores 
1.03 points lower for inattention/hyperactivity (individual sport: B=-1.03;95%CI:-
1.73,-0.03). Further, compared with those who participated no sports, children who 
participated in individual sport had 35% lower odds of parent-reported acting without 
thinking at school. (OR=0.35;95%CI:0.12,0.98). Children who participated in both 
team and individual sport scored 6.99 points higher for school functioning than 
children who participated in no sport (B=6.99;95%CI:0.21,13.77). Only associations 
with individual sport remained significant in model 2, when MVPA was accounted 
for, (inattention/hyperactivity: B=-1.00;95%CI:-1.90,-0.00; acting without thinking: 
OR=0.35;95%CI:0.13,0.98). Team sport participation was also associated with less 
inattention/hyperactivity (in model 2 only) (B=-0.88;95%CI:-1.73,-0.03). However, 
models accounted for only 2-3% of the variance in the classroom behaviour 
outcomes. There were no significant sex interactions.  
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Table 4.2: Associations between total duration of sport participation (hours/week), sport type and academic-related outcomes  
* denotes statistically significant associations (p<0.05) 
1 Higher score = better school functioning 
2 Higher score = more problems 
3 Referent category is no sport 
Model 1 – Multiple linear or logistic regression adjusted for SEP and clustering by centre of recruitment 
Model 2 – Multiple linear or logistic regression adjusted for SEP, clustering by centre of recruitment and average minutes per day spent in moderate- to vigorous-intensity physical activity 
adjusted for wear time.
 School functioning score
1 
B (95%  CI) 
Inattention/hyperactivity2 
B (95%  CI) 
Fidgetiness 
OR (95%  CI) 
Poor concentration 
OR (95%  CI) 
Acting without thinking 
OR (95%  CI) 
TOTAL 
(n=438) Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
Total duration of 
sport 
(hours/week) 
0.22 
(-0.38,0.82) 
0.16 
(-0.47,0.78) 
0.04 
(-0.05,0.12) 
0.02 
(-0.06,0.12) 
0.94 
(0.83,1.07) 
0.94 
(0.82,1.08) 
1.04 
(0.97,1.12) 
1.03 
(0.96,1.12) 
1.00 
(0.88,1.13) 
0.99 
(0.86,1.14) 
Sport type3 F(3,118)=1.53, p=.21 
F(3,118)=1.4
8, p=.22 
F(3,118)=1.6
9 
p=0.17  
F(3,118)=1.7
3 
p=0.16 
χ2(3)=6.75, 
p=.08 
χ2(3)=6.66 
p=0.08 
χ2(3)=4.97 
p=0.17 
χ2(3)=4.71 
p=0.19 
χ2(3)=4.83 
p=0.18 
χ2(3)=4.72 
p=0.19 
    Individual sport   
only 
5.20 
(-1.32,11.73) 
5.32 
(-1.24,11.88) 
-1.03 
(-1.93,-1.12)* 
-1.00 
(-1.90,-0.11)* 
0.49 
(0.16,1.47) 
0.49 
(0.16,1.48) 
0.54 
(0.24,1.21) 
0.54 
(0.24,1.22) 
0.35 
(0.12,0.98)* 
0.35 
(0.13,0.98)* 
    Team sport 
only  
4.82 
(-2.12,11.76) 
4.51 
(-2.40,11.42) 
-0.82 
(-1.68,0.04) 
-0.88 
(-1.73,-0.03)* 
1.29 
(0.43,3.84) 
1.28 
(0.43,3.79) 
0.92 
(0.44,1.92) 
0.89 
(0.43,1.86) 
0.70 
(0.27,1.79) 
0.68 
(0.27,1.75) 
    Both team and 
individual sport 
6.99* 
(0.21,13.77) 
6.77 
(0.00,13.54) 
-0.87 
(-1.82,0.08) 
-0.91 
(-1.84,0.01) 
0.78 
(0.24,2.56) 
0.78 
(0.24,2.52) 
0.59 
(0.27,1.30) 
0.57 
(0.26,1.25) 
0.59 
(0.20,1.69) 
0.58 
(0.20,1.66) 
MVPA n/a 0.03 (-0.03,0.09) n/a 
0.01 
(-0.00,0.01) n/a 
1.00 
(0.99,1.01) n/a 
1.00 
(0.99,1.01) n/a 
1.00 
(0.99,1.01) 
SEP 1.36 (-1.76,4.49) 
1.24 
(-1.91,4.38) 
0.39 
(-0.79,0.00) 
-0.42 
(-0.82,-0.02)* 
0.97 
(0.54,1.73) 
0.97 
(0.54,1.72) 
0.65 
(0.41,1.01) 
0.64 
(0.41,0.99)* 
0.77 
(0.39,1.53) 
0.76 
(0.38,1.51) 
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4.6 DISCUSSION 
While studies show physical activity is positively associated with classroom 
behaviour outcomes, less is known about how different types of physical activity 
contribute to these outcomes.  This study is one of the first to examine associations 
between sport participation and classroom behaviour outcomes among primary 
school-aged children and the first to consider this association within the context of 
overall physical activity. Results of this study suggest that while duration of weekly 
sport participation was not associated with classroom behaviour, participating in both 
team and individual sport was associated with enhanced school functioning, but not 
independent of overall physical activity. Results also showed that participation in 
individual sport was associated with reduced inattention/hyperactivity and acting 
without thinking, over and above the influence of physical activity.  
 
The finding that children who participate in both team and individual sport have 
better school functioning is in line with results from a similar previous study among 
primary school-aged children (Vella et al., 2014).  However, that study did not adjust 
for overall physical activity. While not all sport participation involves moderate- to 
vigorous- intensity physical activity, (Wickel and Eisenmann, 2007, Lee et al., 2016) 
in this study duration of sport participation was moderately correlated with overall 
moderate- to vigorous- intensity physical activity for both boys and girls. The current 
study found that associations were ameliorated, no longer reaching significance 
level, when physical activity was added to the model. This suggests that the 
associations for sport participation may merely be reflecting higher physical activity 
levels for those participating in more sport. However, the regression coefficient only 
reduced slightly with the addition of overall physical activity and both models 
explained only a small fraction of the variance in school functioning.  
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While the magnitude was modest, associations between participation in individual 
sport and both less inattention/hyperactivity and less acting without thinking were the 
most robust findings, being virtually unchanged after MVPA was accounted for. 
These findings suggests that participation in individual sport in particular may 
benefit classroom behaviour above and beyond that associated with increased 
MVPA. A possible explanation for this relates to the level of focus required when 
playing individual sports, compared with team sports; participants don’t have team 
mates to rely on thus any loss of focus will be more noticeable in individual sports 
(Children and Adults with Attention-Deficit/Hyperactivity Disorder (CHADD): The 
National resource on ADHD, 2018). This is one of the reasons individual sports are 
recommended for children with attention deficit hyperactivity disorder (Children and 
Adults with Attention-Deficit/Hyperactivity Disorder (CHADD): The National 
resource on ADHD, 2018). Pan and colleagues (Pan et al., 2016) reported that 
Taiwanese boys aged 6 to 12 years with attention deficit hyperactivity disorder 
displayed less parent reported attention problems following a 12-week table tennis 
(individual) intervention.  As the current study was cross-sectional we do not know 
the direction of association, thus it could be that children who are more attentive play 
more individual sport.  In contrast a study among kindergarten boys noted a link 
between participation in a team sport (soccer/football) program and improved 
attention (Chang et al., 2013). Our study also reported team sport participation to be 
associated with less inattention, after accounting for MVPA. Similarly, another study 
reported that children who participated in team sport displayed better classroom 
engagement; no such association was seen for individual sport (Piche et al., 2015). 
Those authors suggested that through participation in team sport, in particular, 
children may develop a unique sense of group belonging which may heighten the 
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value they place on respecting rules and responsibilities, translating to better 
engagement in the classroom group setting (Piche et al., 2015). However, with few 
studies and divergent results it is difficult to make solid conclusions.   
 
While studies show there is a positive effect of MVPA on classroom behaviour 
(Watson et al., 2017a), results of the current study do not support this relationship. In 
fact, results indicated that MVPA as measured by accelerometers was not associated 
with classroom behaviour outcomes. Most previous studies showing positive effects 
of physical activity on classroom behaviour have used self-report measures of 
physical activity (Watson et al., 2017a), which are prone to social-desirability bias. 
Thus, a possible explanation for the null finding in the current study relates to 
reporter bias. Parent reports are used for both sports participation and classroom 
behaviours, while the accelerometer estimates of physical activity used in the current 
study are independent of parent-reported classroom behaviours. 
 
Overall, results showed few associations between sport participation and academic-
related outcomes.  The finding that there were no sex differences in associations is 
unexpected given the evidence for sex differences in physical activity levels 
(Australian Bureau of Statistics, 2013), sport participation (Australian Bureau of 
Statistics, 2012), and academic-related outcomes (Maguire et al., 2016). However, 
the smaller sample size when dichotomised by sex may have contributed to a lack of 
findings. 
 
4.7 STRENGTHS AND LIMITATIONS 
The current study was one of the few to examine associations between sport 
participation and classroom behaviour or other academic-related outcomes among 
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primary school-aged children.  However, there are a number of limitations. Parent 
proxy-report of both sport participation and classroom behaviour outcomes introduce 
the potential for social desirability response bias. Further, parents may not be 
accurate reporters of their child’s behaviour at school given they are typically not 
present with their child during the school day.  However, teacher and parent reports 
of child behavioural/emotional problems have been shown to be moderately 
correlated (Kumpulainen et al., 1999). A further limitation of this study is its cross-
sectional design, as causality between organised sport participation and academic-
related outcomes could not be determined. Lastly, the inclusion of predominately 
classroom behaviour items limits the generalisability of findings to academic-related 
outcomes more broadly. Despite these limitations, the current study had several 
important strengths including comprehensive assessment of sport participation (any; 
type; duration), multiple measures of outcomes, and the inclusion of an objective 
measure of overall physical activity. 
 
4.8 CONCLUSIONS 
The findings of this study indicate that sport participation, one form of physical 
activity, may be associated with less inattention/hyperactivity and parent reported 
acting without thinking, over and above the influence of physical activity. Parents 
may consider sport as one way to contribute to their child’s overall physical activity 
levels, although the impact of organised sport on classroom behaviour is modest at 
best 
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CHAPTER 5. SYSTEMATIC REVIEW OF THE EFFECT 
OF CLASSROOM-BASED PHYSICAL ACTIVITY 
INTERVENTIONS ON PHYSICAL ACTIVITY AND 
ACADEMIC-RELATED OUTCOMES  
 
5.1 PREFACE 
Chapter 4 described the results of a secondary analysis into associations between 
type and duration of sport-participation and classroom behaviour outcomes among 
primary school-aged children, including whether or not associations were 
independent of overall physical activity. Results showed that in comparison with 
children who did not participate in sport, children who participated in individual 
sport displayed less inattention/hyperactivity and less acting without thinking. 
Children who participated in team sport also displayed less inattention/hyperactivity 
compared with children who did not participate in sport. These associations remained 
after adjusting for overall physical activity, suggesting that sport participation 
benefits classroom behaviour outcomes beyond the benefits derived from physical 
activity. 
 
Sport participation provides one way for children to accrue the recommended levels 
of physical activity (sections 2.3 and 2.4).  However, not all children enjoy the 
structure and competition often associated with organised sport (McCarthy et al., 
2008).  Thus, additional opportunities for children to be active may be required. 
 
As outlined in section 2.8.2, schools are often regarded as a key setting for targeting 
physical activity levels, however physical activity is often not prioritised in schools 
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due to competing demands on learning in other key curriculum areas often used for 
the evaluation of schools (e.g. mathematics and literacy). Thus, time efficient 
strategies to promote physical activity while simultaneously improving academic-
related outcomes may help physical activity to be prioritised during the school day.   
 
Classroom-based physical activity provides a time-efficient way for children to be 
active at school and may lead to improvements in academic-related outcomes 
(section 2.9.3), making it a potentially appealing physical activity promotion strategy 
for schools. This chapter addresses the first part of Aim 3 (To examine the effect of 
another type of physical activity, classroom based physical activity on academic-
related outcomes) by describing a systematic review and meta-analysis of the effect 
of classroom-based physical activity interventions on academic-related outcomes. 
This review was registered with the International Prospective Register of Systematic 
Reviews (PROSPERO) (record #CRD42016027294) and follows the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
recommendations for systematic review reporting. The text from this chapter has 
been published in the International Journal of Behavioural Nutrition and Physical 
Activity as: 
  
Watson A, Timperio A, Brown H, Best K, Hesketh KD. Effect of classroom-based 
physical activity interventions on academic and physical activity outcomes: a 
systematic review and meta-analysis. International Journal of Behavioral Nutrition 
and Physical Activity. 2017;14(1). 
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5.2 BACKGROUND 
Multiple physical and mental health benefits can be attained when children 
participate in the recommended 60 minutes per day of moderate- to vigorous-
intensity physical activity (Janssen and LeBlanc, 2010, Okely T et al., 2012).  
Despite these benefits, population based-studies have reported that over 50% of 
children in Australia and internationally are not meeting recommendations (Active 
Healthy Kids Canada, 2013, Australian Bureau of Statistics, 2013, Griffiths et al., 
2013, Troiano et al., 2008).  Schools are considered ideal settings for the promotion 
of children’s physical activity.  There are multiple opportunities for children to be 
physically active over the course of the school week, including during break times, 
sport, Physical Education class and active travel to and from school.  Studies have 
shown interventions targeting these discrete periods may be effective in increasing 
children’s physical activity levels (Sallis et al., 1997, Ridgers et al., 2007), with the 
potential to contribute to up to 50% of the physical activity required to meet physical 
activity guidelines (Fairclough et al., 2012).  However, with limited time available 
during these discrete periods, additional opportunities may be required in order for 
children to achieve the recommended levels of physical activity.  Classroom-based 
physical activity provides another way for children to be active at school. This 
involves classroom teachers incorporating physical activity into class time through 
either integrating physical activity into lessons (physically active lessons), or adding 
short bursts of physical activity, either with curriculum content (curriculum focused 
active breaks) or without (active breaks).   
 
There is increasing interest from researchers and education professionals about the 
potential for classroom-based physical activity to positively impact academic-related 
outcomes, including classroom behaviour, cognitive function and academic 
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achievement.  While some teachers express concern that classroom-based physical 
activity may have an adverse effect on on-task classroom behaviour (McMullen et 
al., 2014), emerging evidence from systematic reviews and meta-analyses suggest 
that overall physical activity may have a small positive effect on on-task classroom 
behaviour (Haapala, 2012, Sibley BA and Etnier JL, 2003, Fedewa and Ahn, 2011, 
Lees and Hopkins, 2013, Singh et al., 2012, Taras, 2005, Trudeau and Shephard, 
2008).  There is less evidence on classroom-based physical activity. 
 
Narrative reviews (Bartholomew and Jowers, 2011, Mahar, 2011, Donnelly and 
Lambourne, 2011), one systematic review (Norris et al., 2015a) and two meta-
analyses (Owen et al., 2016, Erwin et al., 2012b) have explored the impact of 
classroom-based physical activity interventions on academic-related outcomes. 
However, these were narrow in scope, included few studies, and combined findings 
among primary and secondary school students, which may be problematic due to the 
difference in education settings. 
 
A systematic review of 11 studies concluded that physically active lessons may have 
a positive effect, or no effect on academic-related outcomes (Norris et al., 2015a). 
However, that study did not consider other forms of classroom-based physical 
activity (e.g. active breaks), combined findings among primary and secondary school 
students, and did not include a meta-analysis (Norris et al., 2015a).   
 
A meta-analysis of four intervention studies found that classroom-based physical 
activity had a positive effect on academic-related outcomes (M=0.67; 
95%CI:0.26,1.09) (Erwin et al., 2012b).  Similar results were reported in a meta-
analysis of 24 intervention studies investigating the association between different 
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types of physical activity (e.g., during recess or lunch vs. active breaks vs. physically 
active lessons) and school engagement (behaviour at home and at school, and 
emotions, e.g. lesson enjoyment) (Owen et al., 2016). In that meta-analysis, overall 
results showed physical activity had a significant positive effect on school 
engagement (d=0.28;95%CI:0.12,0.46) (Owen et al., 2016). When broken down into 
type of physical activity, active breaks (n=4 studies) appeared to be the most 
effective type of intervention for improving school engagement (d=0.55; 
95%CI:0.02,1.06), compared with recess or lunch time physical activity (n=3 studies; 
d=0.26; 95%CI:-0.19,0.73) and physically active lessons (n=5 studies; d=0.22; 
95%CI: -0.21,0.66) (Owen et al., 2016).  However, results from those meta-analyses 
are limited by the small number of included studies (Owen et al., 2016, Erwin et al., 
2012b), the narrow range of potential academic-related outcomes assessed, the 
combination of findings among primary and secondary school students (Owen et al., 
2016), and their recency (Erwin et al., 2012b).   
 
The current paper aims to expand on findings from these reviews by conducting a 
systematic review and meta-analyses of the evidence of effect of classroom-based 
physical activity interventions (active breaks, curriculum-focused active breaks and 
physically active lessons) on a broad range of academic-related outcomes (classroom 
behavior, cognitive function and academic achievement), specifically among primary 
school-aged children. A secondary aim is to examine the effect of these interventions 
on children’s physical activity levels. 
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5.3 METHODS 
DEFINITIONS 
While there are no set definitions for classroom-based physical activity, the 
following definitions are provided in order to maintain consistency and clarity 
throughout the remainder of this systematic review. 
Classroom-based physical activity: physical activity carried out during regular class 
time, and can occur either inside or outside the classroom (e.g. hallway, playground), 
and is distinct from school recess/lunch break times.  Classroom-based physical 
activity can take three forms:  
o Active breaks: short bouts of physical activity performed as a break from 
academic instruction (Ma et al., 2015).  
o Curriculum-focussed active breaks: short bouts of physical activity that 
include curriculum content (Mahar et al., 2006, Schmidt et al., 2016). 
o Physically active lessons: the integration of physical activity into lessons in 
key learning areas other than physical education (e.g. mathematics) (Riley et 
al., 2015a, Riley et al., 2015b).   
Academic-related outcomes: overarching term to encompass factors associated with 
academic performance at school. These can be grouped into three main categories:  
o Classroom behaviour: Observed behaviours that may promote or interfere 
with learning in the classroom on-task behaviour (Rasberry et al., 2011) (e.g. 
concentrating on tasks assigned by the teacher), and off-task behaviour (e.g. 
not concentrating on tasks assigned by the teacher).  
o Cognitive function: Mental process (e.g. executive function) that may 
influence academic performance (Rasberry et al., 2011). 
o Academic achievement: A child’s performance on school-related tasks; often 
reported via classroom grades, national standardised tests or progress 
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monitoring tools (Rasberry et al., 2011), as well as self-reported perceived 
academic competence (Vazou and Smiley-Oyen, 2014).  
 
REGISTRATION AND PROTOCOL 
This study followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations for systematic review reporting, and was 
registered with the International Prospective Register of Systematic Reviews 
(PROSPERO) (record #CRD42016027294). 
 
SEARCH STRATEGY 
Studies were identified through a systematic search of four electronic databases 
(PubMed, ERIC, SPORTDiscus and PsycINFO), first conducted in January 2016, 
and updated in January 2017 by one author (AW). The search strategy consisted of 
four elements (see Table 5.1). The search was limited to peer-reviewed articles 
published in English in all available years. ‘Grey’ literature, including the reference 
lists from the websites of two organisations (“Active Academics” and “Active Living 
Research”) involved in children’s physical activity research were also searched. 
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Table 5.1: Article search terms and databases searched 
Classroom-
based 
Physical 
activity 
Academic-
related outcomes 
Study 
population 
Database 
searched 
 
Classroom[tia
b] OR 
break*[tiab] 
OR 
curricul*[tiab
] OR “active 
break”[tiab] 
OR 
integrat*[tiab
] OR 
lesson*[tiab]  
 
“Physical 
activity”[tiab
] OR  
“physically 
active”[tiab] 
OR 
exercis*[tiab] 
OR 
active[tiab] 
OR 
activity[tiab]  
Educational 
status[tiab] OR 
educational 
measurement[mh:
noexp] OR 
cognition[mh:noe
xp] OR 
Academic[tiab] 
OR "Grade point 
average"[tiab] OR 
"Standardised test 
scores"[tiab] OR 
"standardized test 
scores"[tiab] OR 
“test scores”[tiab] 
OR Reading[tiab] 
OR Math*[tiab] 
OR learn*[tiab] 
OR grade*[tiab] 
OR  literacy[tiab] 
OR 
numeracy[tiab] 
OR 
academic[tiab] 
OR attent*[tiab] 
OR 
Concentration[tia
b] OR 
behaviour[tiab] 
OR behavior[tiab]  
OR cogniti*[tiab] 
OR “executive 
function”[tiab] 
OR “fluid 
intelligence”[tiab] 
OR 
achievement[tiab] 
OR learning[tiab] 
Student[tiab] 
OR 
Student*[tia
b] OR 
child(Kuiper
s and 
Bramham) 
OR 
child*[tiab] 
OR 
class*[tiab] 
PubMed 
classroom or 
school or 
lesson  
physical 
activity or 
exercise 
academic or 
achievement or 
cognitive 
children or 
child or 
student or 
class 
SPORTDiscus 
ERIC 
PsycINFO 
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INCLUSION CRITERIA 
A predetermined set of inclusion criteria were used to select papers for this 
systematic review. Each study had to meet the following criteria: 
1. Intervention study design;  
2. Investigated associations between classroom-based physical activity and at 
least one academic-related outcome. Interventions involving strategies in 
addition to classroom-based physical activity were excluded (to enable the 
effects of classroom-based physical activity to be isolated);  
3. Study population included primary school-aged children (5-12 years); 
4. Presented original data; 
5. Did not focus specifically on special populations (e.g. overweight children). 
 
STUDY SELECTION  
The search yielded 7729 citations from electronic database records, and 17 from 
‘grey’ literature (Fig. 5.1).  After removing duplicates (n=500), the titles and/or 
abstracts of 7246 unique publications were screened by one author (AW). A total of 
101 publications were identified as potentially relevant according to the inclusion 
criteria. Full texts of 98 of these 101 articles were obtained and reviewed 
independently by two authors to determine eligibility (AW, KB). Two full texts were 
conference abstracts only, and one full-text was unable to be retrieved despite 
extensive librarian-assisted enquiries and emails directly to the contact author. Of the 
98 full-text articles, a total of 59 were excluded as not meeting inclusion criteria.  
Disagreements between the two reviewers were resolved through discussion with all 
authors.  Reference lists of included articles were also examined, however no 
additional studies were identified. Thirty-nine unique citations satisfied the eligibility 
criteria and were included in this systematic review. 
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Figure 5.1: PRISMA Flow Diagram showing flow of studies through the review 
process 
 
DATA EXTRACTION 
Paper characteristics including country of study, study design, participant 
characteristics, intervention characteristics, academic-related outcome measures, 
physical activity measures, and results were extracted by one author (AW). 
Interventions were then categorised as active break, curriculum focussed active 
break, or physically active lesson intervention. 
 
METHODOLOGICAL QUALITY 
Two authors (AW, KB) independently assessed the methodological quality of the 
included studies using the Effective Public Health Practice Project (EPHPP) tool 
(National Collaborating Centre for Methods and Tools, 2008).  This six-component 
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rating scale for interventions assesses (1) selection bias; (2) study design; (3) 
confounders; (4) blinding; (5) data collection methods; and (6) withdrawals and drop 
outs. Each component was rated on a three-point scale as either strong, moderate or 
weak using the tool’s defined criteria. Based on these ratings, an overall 
methodological quality score was given; either strong (no weak component ratings); 
moderate (one weak component rating); or weak (more than one weak component 
rating), following the tool’s accompanying instructions. Where disagreements 
existed, deliberation occurred until a consensus was reached. 
 
META-ANALYSES 
Meta-analyses were conducted where there were at least three studies investigating 
the same broad outcome, i.e. classroom behaviour, cognitive function, or academic 
achievement. Due to heterogeneity across study designs, for inclusion studies were 
required to have a separate comparison group (i.e. RCT or quasi experimental with 
control group). Studies that used a within subject or cross over study design were 
therefore excluded from meta-analysis.    
 
To avoid duplication of studies under a single outcome, where studies reported 
intervention effects on multiple measures for an outcome (this happened only for 
cognitive functions) (de Greeff et al., 2016, Beck et al., 2016) a decision was made to 
include outcomes relating to executive functions, over memory.  Executive functions, 
inhibition in particular, have been shown to be consistently related to academic 
achievement (Best et al., 2011) and therefore were considered salient to teachers.   
Thus, where inhibition and memory were reported, only inhibition was included in 
the meta-analysis; where executive functions and short term memory were reported, 
only executive functions were included in the meta-analysis. Typically higher scores 
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were reflective of better academic-related outcomes. Where lower scores reflected 
better academic-related outcomes these scores were reversed. 
 
As academic achievement tools varied widely in quality, only studies using national 
standardised tests or progress monitoring tools were included in the meta-analyses. 
Further, intervention effects on mathematics were used when studies reported 
multiple subject assessments, as math was the most commonly reported outcome. Of 
the 39 studies included in this systematic review, 16 were included in meta-analyses.  
Reasons for exclusion were: insufficient data for calculating effect sizes and authors 
did not respond to email requests for additional data (n=6), using a within subject or 
cross-over study design (n=9), not including a separate comparison group (n=2), 
insufficient studies investigating an outcome (n=4), or only reporting results 
separately for subgroups (e.g. BMI categories) (n=2).    
 
5.4 ANALYSIS 
Meta-analyses were conducted using Review Manager 5.3. The wide variation in 
interventions and academic-related outcomes employed in the different studies 
warranted use of a random effects model. Effect sizes (standardised mean difference) 
were computed as the difference between treatment and control means.  
 
5.5 RESULTS 
Of the 39 studies identified, 19 examined the effect of active breaks (Ahamed et al., 
2007, Carlson et al., 2015, Hill et al., 2010, Hill et al., 2011, Howie et al., 2014a, 
Howie et al., 2015, Janssen et al., 2014, Katz et al., 2010, Ma et al., 2014a, Ma et al., 
2015, Uhrich and Swalm, 2007, Whitt-Glover et al., 2011, Wilson et al., 2015, 
Lisahunter et al., 2014, Barnard et al., 2014, Altenburg et al., 2016, van den Berg et 
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al., 2016, Mead et al., 2016, Schmidt et al., 2016), seven examined curriculum-
focussed active breaks (Bailey and DiPerna, 2015, Erwin et al., 2012a, Fedewa et al., 
2015, Grieco et al., 2009, Mahar et al., 2006, Vazou et al., 2012, Goh et al., 2016), 
and thirteen examined physically active lessons (Donnelly et al., 2009, Graham et al., 
2014, McCrady-Spitzer et al., 2015, Mullender-Wijnsma et al., 2015a, Mullender-
Wijnsma et al., 2015b, Norris et al., 2015b, Reed et al., 2010, Riley et al., 2015a, 
Riley et al., 2015b, Beck et al., 2016, de Greeff et al., 2016, Grieco et al., 2016, 
Mullender-Wijnsma et al., 2016) on academic-related outcomes. The majority of 
studies (n=27) were published in or after 2014 (Howie et al., 2014a, Janssen et al., 
2014, Ma et al., 2014a, Carlson et al., 2015, Howie et al., 2015, Ma et al., 2015, 
Wilson et al., 2015, Lisahunter et al., 2014, Barnard et al., 2014, de Greeff et al., 
2016, Mullender-Wijnsma et al., 2016, Beck et al., 2016, Grieco et al., 2016, Goh et 
al., 2016, Altenburg et al., 2016, van den Berg et al., 2016, Mead et al., 2016, 
Schmidt et al., 2016), and none before 2006. Most (n=18) were conducted in the 
USA (Carlson et al., 2015, Howie et al., 2014a, Howie et al., 2015, Katz et al., 2010, 
Whitt-Glover et al., 2011, Uhrich and Swalm, 2007, Fedewa et al., 2015, McCrady-
Spitzer et al., 2015, Graham et al., 2014, Erwin et al., 2012a, Donnelly et al., 2009, 
Grieco et al., 2009, Reed et al., 2010, Mahar et al., 2006, Bailey and DiPerna, 2015, 
Mead et al., 2016, Goh et al., 2016, Grieco et al., 2016), seven in the Netherlands 
(Janssen et al., 2014, Mullender-Wijnsma et al., 2015a, Mullender-Wijnsma et al., 
2015b, Altenburg et al., 2016, de Greeff et al., 2016, Mullender-Wijnsma et al., 
2016, van den Berg et al., 2016), four in Australia (Wilson et al., 2015, Lisahunter et 
al., 2014, Riley et al., 2015a, Riley et al., 2015b), three in Canada (Ma et al., 2014a, 
Ma et al., 2015, Ahamed et al., 2007), two in Scotland (Hill et al., 2010, Hill et al., 
2011), and one each in South Africa (Barnard et al., 2014), UK (Norris et al., 2015b), 
Greece (Vazou et al., 2012) Denmark (Beck et al., 2016), and Switzerland (Schmidt 
 
103 | P a g e  
 
et al., 2016).  Sample sizes ranged from 14 (McCrady-Spitzer et al., 2015) to over 
4500 participants (Whitt-Glover et al., 2011), with sample sizes <300 in the majority 
of studies (n=28) (Howie et al., 2014a, Howie et al., 2015, Ma et al., 2014a, Ma et 
al., 2015, Wilson et al., 2015, Janssen et al., 2014, Ahamed et al., 2007, Barnard et 
al., 2014, Uhrich and Swalm, 2007, Lisahunter et al., 2014, Erwin et al., 2012a, 
Graham et al., 2014, Grieco et al., 2009, Mahar et al., 2006, McCrady-Spitzer et al., 
2015, Mullender-Wijnsma et al., 2015a, Mullender-Wijnsma et al., 2015b, Norris et 
al., 2015b, Reed et al., 2010, Riley et al., 2015a, Riley et al., 2015b, Vazou et al., 
2012, Altenburg et al., 2016, Beck et al., 2016, Goh et al., 2016, Mead et al., 2016, 
van den Berg et al., 2016, Schmidt et al., 2016).  Intervention periods spanned from 
single lessons (Grieco et al., 2009, Graham et al., 2014, Altenburg et al., 2016, 
Grieco et al., 2016) to 3 year duration (Donnelly et al., 2009), with most lasting no 
longer than nine weeks (n=23) (Ma et al., 2014a, Ma et al., 2015, Howie et al., 
2014a, Howie et al., 2015, Janssen et al., 2014, Whitt-Glover et al., 2011, Wilson et 
al., 2015, Uhrich and Swalm, 2007, Hill et al., 2010, Hill et al., 2011, Barnard et al., 
2014, Bailey and DiPerna, 2015, Graham et al., 2014, Grieco et al., 2009, Mahar et 
al., 2006, Norris et al., 2015b, Riley et al., 2015a, Riley et al., 2015b, Vazou et al., 
2012, Beck et al., 2016, Goh et al., 2016, van den Berg et al., 2016, Schmidt et al., 
2016).  Study information is presented in Table 5.2 (active breaks), Table 5.3 
(curriculum focused active breaks) and Table 5.4 (physically active lessons). 
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Table 5.2: Studies investigating the effect of active breaks on physical activity and academic-related outcomes 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Ma et al., 
2014 
 
Canada 
within 
subject 
Students
: 
n=44 
 
Schools: 
n=2 
 
Classes: 
n=2 
Years 
2 & 4  
FUNtervals =  
20s VPA 
separated by 
10s rest 
repeated 8 
times 
 
Dose: 
alternating days 
3 weeks Research 
staff 
None  Off-task behavior: 
direct observation 
Strong  Off-task behavior: Significantly less 
following FUNtervals, compared with 
no activity condition  
- Year 4 children: off-task passive 
(ES=0.31); off-task motor (ES=0.48) 
- Year 2 children: off-task passive 
(ES=0.74); off-task verbal (ES=0.45) 
off-task motor (ES=1.076) 
Howie et 
al., 2015 
 
USA 
within 
subject  
 
n=96  
 
 
Age 9 
to 12 
years 
 
Years 
4 & 5 
 
Brain BITES 
(Better Ideas 
Through 
Exercise) = 5, 
10 and 20 min 
MVPA active 
breaks 
 
Dose: 1 
condition 
delivered twice 
per week 
4 weeks  Research staff 
Intervent
ion 
fidelity: 
direct 
observati
on 
Executive function: 
trail making test & 
digit recall tests  
 
Mathematics: 1-
minute math fluency 
test 
Moderate  Executive function: no difference 
between groups 
 
Mathematics: significant improvement 
after 10-min (ES = 0.24) and 20-min 
(ES = 0.27) active break, compared with 
sedentary condition  
Howie et 
al., 2014 
 
USA 
On-task behavior: 
direct observation 
Moderate  On-task behavior: largest improvement 
after 10 minute active break (d = 0.50) 
Janssen et 
al., 2014 
 
Netherlands 
within 
subject  
n=123  
 
 
Age 
10 to 
11 
years 
 
Year 5  
15 min active 
breaks of 
varying PA 
intensities 
(MPA, VPA, 
passive break, 
no break) 
 
Dose: unclear 
4 weeks  Research 
staff 
PA 
intensity 
during 
active 
breaks: 
Accelero
meter 
Selective attention: 
Test of Everyday 
Attention for children 
(TEA-ch test)  
Moderate  Selective attention: improved most after 
MPA condition (B= -0.59, 95% CI: -
0.70,-0.49), compared with VPA (B= -
0.29, 95% CI: -0.39,-0.19), passive 
break (B= 0.27, 95% CI: -0.35,-0.18) 
and no break conditions  
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Table 5.2: Studies investigating the effect of active breaks on physical activity and academic-related outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Ma et al., 
2015  
 
Canada 
within 
subject  
n=88 Age 9 
to 11 
years  
 
Years 
3 to 5  
 
FUNtervals =  
20s VPA 
separated by 
10s rest, 
repeated 8 
times 
 
Dose: 
once/week 
3 weeks Researc
h staff 
None Selective attention: d2 
Test of Attention 
Moderate  Selective attention: significant 
improvement in following FUNtervals, 
compared with no activity condition 
Barnard 
et al., 
2014 
 
South 
Africa 
quasi-
experime
ntal with 
pre and 
post 
testing 
Students:  
n=149  
 
Schools: 
n=2  
 
Classes: 
N=6 
 
School 
A 
mean 
age: 
7.33 
years 
 
School 
B 
mean 
age: 
7.47 
years 
 
2 intervention 
programs:  
*integrated - 30 
min integrated 
academic skills 
and motor skill 
program  
*intensive 
program - 30 
min physical 
activity 
program 
 
Dose: 3 
times/week  
8 weeks Unclear None Literacy: ESSI 
Reading and Spelling 
tests 
 
Numeracy: VASSI 
Math Skills Test  
Moderate  Reading: for the integrated (26%) and 
intensive (30%) programs test scores 
improved but not significant.  
 
Spelling: for the integrated (32%) and 
intensive (47%) programs test scores 
improved but not significant. 
 
Numeracy: for the integrated (30%) and 
intensive (21%) programs test scores 
improved but not significant. 
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Table 5.2: Studies investigating the effect of active breaks on physical activity and academic-related outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Hill et al., 
2011 
 
Scotland 
within 
subject  
n=552  
 
Age 8 
to 12 
years 
 
Years 
4 to 7 
10 to 15 min 
MPA active 
break. 
 
Dose: once/day 
for one week, 
no intervention 
in the second 
week 
2 weeks  Not 
reported 
None Attention and 
executive function: 
paced serial addition, 
size ordering, 
listening span, digit 
span backwards & 
visual coding   
Moderate  Attention and executive function: 
improved only for those receiving the 
intervention in week 2 (mean difference 
= 3.85, 95% CI = 0.26,7.44) 
Ahamed et 
al., 2007  
 
Canada 
Cluster 
RCT 
Students
: 
n=288  
 
Schools: 
N=10 
Age 9 
to 11 
years 
 
Years 
4 and 
5  
 
Action Schools! 
BC = 15 min 
MVPA active 
break. 
 
Dose: once/day 
16 months  Teacher Habitual 
PA 
Modifie
d 
Physical 
Activity 
Question
naire for 
Children 
(PAQ-
C)  
Math, reading and 
Language: Canadian 
Achievement Test  
Weak  Math, reading and language (total score): 
Although control school had 
significantly higher scores at baseline, no 
significant difference between 
intervention (mean = 1672 (9.6) and 
control groups (mean = 1688.6 (16.6) at 
follow up  
 
Physical activity: increase by 47 
min/week in intervention schools (139 ± 
62 vs 92 ± 45, p<0.001)  
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Table 5.2: Studies investigating the effect of active breaks on physical activity and academic-related outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Carlson et 
al., 2015 
 
USA 
quasi-
experi
mental 
(no 
pre-
testing
) 
Students
: n=1322    
 
Teachers
: n=397  
 
Schools: 
n=24  
 
 
Mean 
age: 
8.8 
years 
 
Years 
1 to 6 
10 min MVPA 
active break 
 
Dose: At least 
once/day 
8 months  Teacher  School 
day PA: 
Accelero
meter  
Classroom behavior: 
Teacher report 
Weak  Classroom behaviour: Teachers who 
reported implementing active breaks 
reported fewer students who lacked 
effort or gave up easily (β= -0.17, 95% 
CI: -.033, -0.01), were more likely to 
agree that students work improves 
following participation in active breaks 
(OR=1.88; 95% CI:1.04,3.37), and 
showed a trend towards agreement that 
students stay on task more after active 
breaks (OR = 1.88; 95% CI: 0.98,3.61; 
p=0.056), compared with non-
implementers  
 
Physical activity: students of teachers 
who reported ever holding active break 
had 3.14 more minutes per day of 
MVPA and were 75% more likely to 
have met the 30 min per day guideline 
for MVPA during school (OR: 1.75; 
95% CI: 1.22, 2.51)  
Hill et al., 
2010 
 
Scotland 
within 
subject 
n=1224  Age 8 
to 12 
years 
 
Years 
4 to 7 
 
10 to 15 min 
MPA active 
break. 
 
Dose: once/day 
for one week, 
no intervention 
in the second 
week 
2 weeks  Not 
reported 
None Attention and 
executive function: 
paced serial addition, 
size ordering, 
listening span, digit 
span backwards & 
visual coding   
Weak  Attention and executive function: 
improved only for those receiving the 
intervention on week 2 of the 
intervention (control group mean = 58.20 
(18.03) vs. intervention group mean = 
60.19 (19.38) 
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Table 5.2: Studies investigating the effect of active breaks on physical activity and academic-related outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Katz et al., 
2010 
 
USA 
RCT n=1214  
 
Years 
2 to 4 
Activity Bursts 
in the 
Classroom = 
MVPA active 
breaks totaling 
30 mins per 
day.  
 
Dose: Length 
and number of 
sessions/day 
could vary 
8 months  Teacher  None Classroom behaviour: 
Work and social 
skills component of 
Independence School 
District (ISD) 
progress report card   
 
Math and English:  
Year 4: Missouri 
Academic 
Performance Test 
(MAP)  
Years 2-4: ISD 
progress report 
Weak  Classroom behaviour: no difference 
between groups 
 
Academic achievement: no difference 
between groups for MAP test results 
(Year 4 only), but a greater proportion of 
control group students (Years 2 to 4) 
showed improvement in math (28.6% vs. 
20.8%) and reading (21.1% vs. 16.1%) as 
measured via ISD report, compared with 
intervention group  
 
Lisahunter 
et al., 2014 
 
Australia 
quasi-
experi
mental 
with 
control 
group 
Students
: 
n=107 
 
Teacher: 
n=6 
 
Schools: 
n=1 
 
Classes: 
n=4 
Age 
approx
. 10 
years 
 
Year 5 
Active Kids, 
Active Minds 
(AKAM) = 
additional 30 
mins of MPA 
active break. 
 
Dose: once/day 
2 terms / 
approx. 
20 weeks 
Speciall
y 
employe
d PE 
teacher  
Habitual 
and school 
day PA: 
Pedometer 
(Yamax 
CW700)  
 
School day 
physical 
activity of 
at least 
MPA: 
Accelerome
ter 
(ActiGraph)  
Cognitive function: 
Cognitive 
Assessment System  
 
Academic 
achievement: total 
score for 8 classroom 
subjects  
 
Classroom behaviour: 
school behaviour 
records 
Weak  No difference between groups for any of 
the academic outcomes assessed 
 
Physical activity: daily steps declined 
from pre- (control=13,772; 
intervention=12,447) to post- 
(control=12,046; intervention=9,702) for 
both intervention and control groups 
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Table 5.2: Studies investigating the effect of active breaks on physical activity and academic-related outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic 
outcome 
measure 
Study 
quality 
Results  
Whit-
Glover et 
al., 2011 
 
USA 
RCT  Students
: 
n=4599   
 
Schools:  
n=8  
Years 
3 to 5 
Instant Recess = 
10 min MPA 
active break. 
 
Dose: once/day 
8 weeks Teacher PA during 
Instant Recess 
lesson: Direct 
observation  
Classroom 
behavior: 
direct 
observation 
Weak  Classroom behaviour: 11% increase in 
time spent on-task in intervention, 
compared with control group 
 
Physical activity: MPA increased by 16% 
and LPA increased by 51%  
Wilson et 
al., 2015 
 
Australia 
within 
subject 
Students
: 
n=58 
boys 
 
Schools: 
n=1 
 
Classes: 
n=4 
  
Mean 
age: 
11.2 
years 
 
Years 
5 & 6 
10 min MVPA 
active break 
outside the 
classroom 
 
Dose: once/day, 
3 times/week 
  
4 weeks  teacher PA intensity 
during active 
breaks: 
accelerometer 
Sustained 
attention: 5-
minute 
Psychomotor 
Vigilance 
Task  
 
On-task 
behavior: 
direct 
observation 
Weak  Sustained attention: no difference 
intervention group pre active break: mean 
= 477 (285) vs. post active break: mean = 
479 (200)  
 
Off-task behavior: no difference: 
intervention group pre active break: mean 
= 13.6 (10.0) vs. post active break: mean = 
14.8% (11.6)  
Uhrich & 
Swarm., 
2007 
 
USA 
quasi-
experi
mental 
with 
control 
group 
Students
: 
n=41  
 
Schools:  
n=1  
 
Classes: 
n=2  
Age 
10 to 
11 
years 
 
Year 5 
20 minutes of 
sport stacking: 
using both hands 
to stack a group 
of 12 specialized 
cups in 
predetermined 
combinations  
 
Dose: 3 
times/week 
6 weeks Research 
staff 
None Decoding and 
comprehensio
n skills: Gates 
MacGinitie 
Reading Test 
Fourth Edition 
(GMRT-4) 
Decoding and 
Comprehensio
n skill subtests 
Weak  Decoding skills: no difference between 
groups (F1,41=0.03, p>0.05) 
 
Comprehension skills: Improvement in 
intervention group, compared with control 
(F1,41=4.54, p<0.05) 
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Table 5.2: Studies investigating the effect of active breaks on physical activity and academic-related outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Altenburg et 
al., 2016  
 
Netherlands 
RCT Students: 
n=62 
 
Schools: 
n=5 
 
*conveni
ence 
sample 
Aged 
10 to 
13 
years 
20 minute MPA 
active breaks 
comprising 
video-based 
dance activities 
 
Dose: once per 
day & twice per 
day 
1 day Supervis
ed by 
research 
staff 
PA 
intensity 
during 
active 
breaks: 
heart rate 
monitor 
Selective attention: Sky 
Search sub test of the 
Test of Everyday 
Attention for children 
(TEA-ch test) 
Weak  Selective attention: test scores better 
after 2 bouts (β= -0.26 (95% CI:-
0.52,-0.004), compared with one bout 
(β= 0.06 (95% CI: -0.23,0.36) and 
control condition. 
 
Note: a negative beta indicated a 
better attention score 
Van den 
Berg et al., 
2016  
 
Netherlands 
within 
subject 
Students: 
n=195 
 
Schools: 
n=3 
 
Classes: 
n=8 
Age 10 
to 13 
years 
 
Year 5 
& 6 
12 min MPA 
active breaks = 3 
conditions 
(aerobic, 
coordinative & 
strength-based 
PA) 
 
Dose: once off 
3 days Children 
followed 
pre-
recorded 
video of 
active 
break 
sessions, 
supervise
d by 
research 
staff 
PA 
intensity 
during 
active 
breaks: 
heart rate 
monitor 
Information processing 
speed: Letter Digit 
Substitution Test 
 
Selective Attention: d2 
Test of Attention 
Weak  Information processing speed: no 
change [F(1,174) = 0.71, p=0.040 
 
Selective attention: no change 
[F(1,172) = 0.91, p=0.34 
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Table 5.2: Studies investigating the effect of active breaks on physical activity and academic-related outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Mead et al., 
2016 
 
USA 
quasi-
experi
mental 
with 
pre and 
post 
testing 
Students: 
n=81 
 
Schools: 
n=1 
 
Classes: 
n=3 
Year 6 
 
Age 11 
to 12 
years 
3 conditions -  
implemented 
during 80 min 
math class (2 x 
5-min active 
breaks, sitting 
on stability balls 
& traditional 
seated lesson) 
 
Dose: every day 
Unclear  Teacher None  Reading, math & 
science: Minnesota 
Comprehensive 
Assessments 
 
Reading, math & 
language: Measures of 
Academic Progress 
Weak  Reading, math & science: no 
difference between active break 
(pretest: 527.3 (29.8) vs. posttest 
(620.9 (34.2) and seated lesson 
conditions (pretest: 543.9 (13.1) vs. 
posttest 643.1 (12.4) 
 
 
Reading, math & language: no 
difference between active break 
(pretest: 219.7 (14.0) vs. posttest 
(226.8 (15.1) and seated lesson 
conditions (pretest: 221.2 (16.0) vs. 
posttest 226.0 (15.1) 
 
Abbreviations 
PA: physical activity; LPA: light intensity physical activity; MPA: moderate physical activity intensity; MVPA: moderate to vigorous physical activity intensity; VPA: vigorous 
intensity physical activity; RCT: randomised controlled trial 
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Table 5.3:  Studies investigating the effect of curriculum focussed active breaks on academic and physical activity outcomes 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Vazou et 
al., 2012 
 
Greece 
Within-
subject 
n=147   Years 
4 to 6 
10 mins MPA 
active break 
incorporating 
language arts, 
math and social 
studies  
 
Dose: unclear 
  
 2 weeks Senior 
primary 
educatio
n student 
teachers 
None Academic 
motivation: Intrinsic 
Motivation Inventory 
Moderate  Academic motivation: Perceived 
academic competence increased 
in intervention compared with 
control.  
(F = 4.87, p<0.05) 
Goh et 
al., 2016  
 
USA 
Within-
subject 
Students: 
n=210  
 
Classes: 
n=9 
 
Schools: 
n=1 
Aged 
8 to 
12 
years 
 
Year 
3 to 5 
Take 10! = 10 
min active 
breaks 
incorporating 
language arts, 
math, science, 
social studies 
and general 
health 
 
Dose: 
determined by 
teacher 
8 weeks Teacher None On-task behavior: 
direct observation 
Moderate  On-task behavior: significant 
increase in percent on-task 
behavior from pre-TAKE 10! 
(82.3 ± 4.5) to post TAKE 10! 
(89.5 ± 2.7) 
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Table 5.3:  Studies investigating the effect of curriculum focussed active breaks on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Erwin et 
al., 2013 
 
USA 
Quasi-
experime
ntal 
Students: 
n=29 
 
Schools: 
n=1 
 
Classes: 
n=2 
Mean 
age: 
8.87 
years 
 
Year 
3 
20 + minutes 
active break 
incorporating 
math and 
reading 
 
Dose: daily 
20 weeks Teacher  Intervention 
effects of PA 
on academic 
outcomes: 
Pedometer 
(Walk4Life, 
LS2500) 
Reading and math: 
curriculum based 
measures (CBM), 
teacher reported 
grades & 
standardised test 
scores (T-PRO, 
STAR and Discovery 
Education 
Assessment)  
Moderate  CBM Math: higher scores in 
intervention compared with 
control group at time 3 (Mdiff = 
10.87, p=0.003), but not time 1 
(Mdiff = 2.75, p=0.39) or 2 (Mdiff = 
2.16, p = 0.49) 
 
CBM reading: higher scores in 
intervention group at time 1 (Mdiff 
= 79.46, p<0.01), time 2 (Mdiff = 
87.41, p<0.01), time 3 (Mdiff = 
92.46, p<0.01) 
 
Standardised test scores: Trend 
towards improvement  
Bailey & 
DiPerna.
, 2015  
 
USA 
Multiple 
baseline 
design 
Students: 
Mean of 
16 Year 
1 and 14 
Year 2 
students 
/classroo
m 
 
Schools: 
n=1  
 
Classes: 
n=6  
Years 
1 & 2 
Energisers = 
approx. 10 to 20 
min active break 
incorporating 
core curriculum 
 
Dose: twice 
daily 
5, 7 or 9 
weeks 
Teacher School day 
PA: New-
Lifestyles 
Acceleromet
er (NL-800):  
Intervention 
acceptability: student 
and teacher 
questionnaire  
Weak  Intervention acceptability: Most 
teachers strongly agreed (11%) or 
agreed (89%) that Energisers did 
not adversely affect learning.  
Most teachers strongly agreed 
(11%) or agreed (67%) that 
students were better able to pay 
attention following Energisers 
76% of students reported being 
able to pay better attention in 
class following Energisers  
 
Physical activity: intervention 
significantly increased school 
based steps (ES = 0.71 to 1.26)   
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Table 5.3: Studies investigating the effect of curriculum focussed active breaks on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Fedewa 
et al., 
2015  
 
USA 
RCT Students: 
n=460 
 
Schools: 
n=4 
 
 
 
 
Years 
3 to 5 
5 min active 
breaks 
incorporating 
core curriculum, 
totaling 20 mins 
PA per day 
 
Dose: daily 
1 year Teacher  To explain 
variance in 
fluid 
intelligence 
and 
academic 
achievement 
scores:  
pedometer 
(Walk4Life) 
Fluid intelligence: 
Standard Progressive 
Matrices 
 
Reading and math: 
Measures of 
Academic Progress  
Weak  Math: improvement in 
intervention, compared with 
control group: t(33)=2.17, p=0.04 
 
Reading: improvement in 
intervention, compared with 
control group t(32)=1.69, p=0.10  
 
Fluid intelligence: no difference 
between groups t(36)=0.23, 
p=0.82 
Grieco et 
al., 2009  
 
USA 
within 
subject 
Students:  
n=97 
 
Schools: 
n=1 
 
Classes: 
n=9 
Age 8 
to 10 
years 
Texas I-CAN = 
one 10-15 min 
MVPA active 
break 
incorporating  
math, language 
arts, science, 
social studies 
and health  
 
Dose: one off 
lesson 
1-day Teacher To compare 
PA among 
BMI groups:  
pedometer 
(Omron HJ 
105) 
Time-on-task: direct 
observation 
Weak  Time-on-task: slight increase after 
intervention lesson compared 
with control, although not 
significant (F1,94 = 2.19,p>0.10) 
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Table 5.3: Studies investigating the effect of curriculum focussed active breaks on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery Physical 
activity 
measure 
Academic outcome 
measure 
Study 
quality 
Results  
Mahar et 
al., 2006 
 
USA 
cluster 
RCT 
with 
multiple 
baseline 
design 
Students: 
n=243  
 
Schools: 
n=1 
 
Classes: 
n=15 
Kinde
rgarte
n to 
Year 
4 
Energisers = 
approx. 10 mins 
active break 
incorporating 
core curriculum 
 
Dose: daily 
4 or 8 
weeks 
Teacher School day 
PA: 
Pedometer 
(Yamax 
SW-200) 
On-task behaviour: 
direct observation 
(assessed in 2 Year 2, 
and 2 Year 4 classes) 
Weak  On-task behaviour: Improvement 
in intervention, compared with 
control group (ES = 0.60). 
Greatest improvement in on-task 
behavior for students most off-
task (ES = 2.20).  
 
Physical activity: intervention 
group took more in school steps, 
compared with control group (ES 
= 0.49)  
Abbreviations: 
MVPA: moderate to vigorous physical activity intensity; MPA: moderate physical activity intensity; PA: physical activity; RCT: randomised controlled trial 
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Table 5.4: Studies investigating the effect of physically active lessons on academic and physical activity outcomes 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery PA measure Academic outcome 
measure 
Study 
quality 
Results  
De Greeff 
et al., 
2016  
 
Netherlan
ds  
RCT Students:  
n=499 
 
Schools: 
n=12 
Years 
2 & 3 
 
Mean 
age: 
8.1 ± 
0.7 
years 
Fit & 
Academically 
proficient at 
school = 30 
min 
physically 
active 
(MVPA) 
math and 
language 
lessons 
 
Dose: 3 x per 
week 
22 weeks 
per year 
school, 
with 1-
year and 
2-year 
follow up 
1st year - 
interventio
n teachers 
 
2nd year –
teacher  
None Executive function:  
 
Inhibition: Golden 
Stroop test 
 
Working memory: 
Digit span backward 
& Visual span 
backward 
Strong  Inhibition: no difference 
between intervention M=19.6 
(8.1) and control group 
M=19.9 (9.5) 
 
Digit span backward: no 
difference between 
intervention M=6.0 (2..2) and 
control group M=6.2 (1.9) 
 
Visual span backward: no 
difference between 
intervention M=6.6 (1.7) and 
control group M=6.8 (1.6) 
Riley et 
al., 2014 
 
Australia 
Cluster 
RCT - 
pilot study 
Students: 
n=54  
 
Classes: 
n=2 
 
Schools: 
n=1 
 
Age 
10 to 
12 
years  
 
Years 
5 & 6   
Encouraging 
Activity to 
Stimulate 
Young 
(EASY) 
Minds=PA 
integrated 
into existing 
math lessons, 
60 mins per 
lesson 
 
Dose: 3 x per 
week 
6 weeks Research 
staff 
Active lesson 
and school 
day PA: 
Acceleromete
r (GT3X)  
On-task behavior: 
direct observation 
Strong  On-task behaviour: Greater 
during  intervention lessons, 
compared with control (19.9% 
mean difference)  
 
Physical activity: 9.7% 
increase in MVPA across math 
timeslot, and 8.7% increase 
across school day 
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Table 5.4: Studies investigating the effect of physically active lessons on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery PA measure Academic outcome 
measure 
Study 
quality 
Results  
Riley et al., 
2015 
 
Australia 
Cluster 
RCT  
Students: 
n=240 
 
Schools: 
n=8 
Age 
10 to 
12 
years  
 
Years 
5 & 6 
EASY Minds = PA 
integrated into 
existing math 
program, 60 mins 
per lesson 
 
Dose: 3 x per week 
 
6 weeks Teacher Active lesson 
and school day 
PA: 
Accelerometer 
(Walk4Life, LS, 
2500) 
On task behavior: 
direct observation  
 
Math: Progressive 
Achievement Test 
Strong  On-task behaviour:  13.8% 
increase in intervention 
compared with control group 
 
Math: no difference between 
groups  
 
Physical activity: 2.6% 
increase in MVPA during 
math timeslot, and 1.7% 
increase across school day 
Donnelly 
et al., 2009 
 
USA 
Cluster 
RCT (pre-
and post-
test) 
Students: 
n=1527 
 
Schools: 
n=24  
Years 
2 & 3  
Physical Activity 
Across the 
Curriculum 
(PAAC) = MVPA 
integrated into 
language,  math, 
science and social 
studies lessons  
 
Dose: 90 minutes 
per week, delivered 
intermittently 
throughout school 
day. Approx. 10 
mins per session. 
 
3 years Teacher  School day, 
weekend day 
and weekday 
PA: 
ActiGraph 
accelerometer  
Academic 
achievement: 
subsample (n = 454) 
WIAT-II-A 
standardised  test 
(math, reading, 
spelling) 
Strong  Academic achievement: 
improvement in reading, 
math and spelling scores 
from baseline to 3 years in 
intervention, compared with 
control schools 
 
Physical activity: greater 
school day PA (12%), 
weekend day PA (17%) and 
weekday PA (8%) in 
intervention compared, with 
control  group 
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Table 5.4: Studies investigating the effect of physically active lessons on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery PA measure Academic outcome 
measure 
Study 
quality 
Results  
Beck et al., 
2016  
 
Denmark 
Cluster 
RCT 
Students: 
n=165 
 
Schools: 
n=3 
 
Classes: 
n=9 
Year 
1 
Group A =  
gross motor 
movements 
integrated into 
60 min math 
lessons, (e.g. 
skipping, 
crawling, 
throwing 
while solving 
math 
problems) 
 
Group B = 
fine motor 
movements 
integrated into 
60 min math 
lessons (e.g. 
manipulating 
LEGO bricks 
while solving 
math 
problems) 
 
Dose: 3 x per 
week 
6 weeks Teacher Physical 
activity 
intensity 
during 
lessons: 
Combined 
heart rate 
(Polar Team 2 
System) and 
accelerometer 
(MinimaxX 
S4) - 
Subsample 
(n=49) 
Math: standardized test 
(name not specified) 
 
 
 
Moderate  Math: changes in mean math 
performance were greater for 
the gross motor group, 
compared with fine motor 
group from baseline to 
intervention end (1.87 ±0.71). 
However this affect was not 
evident from baseline to 8 
week follow up.  
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Table 5.4: Studies investigating the effect of physically active lessons on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery PA measure Academic outcome 
measure 
Study 
quality 
Results  
McCrady 
Spitzer et 
al., 2015 
 
USA 
Quasi-
experiment
al 
Students: 
n=14  
 
Schools: 
n=1 
 
Classes: 
N=1 
Age 6 
to 7 
years 
 
Year 
1 
30-40 min 
math and 
language 
lesson using 
Active 
Classroom 
Equipment  
 
Dose: daily 
9 months Teacher School day 
PA: 
Accelerometer 
Academic 
achievement: Dynamic 
Indicators of Basic 
Early Literacy Skills 
(DIBELS)-oral reading 
fluency, whole words 
read, correct letter 
sound 
Moderate  Correct letter sound: children 
in intervention group showed 
greater improvement 
(Mdiff=45±34) compared with 
children in the control group  
(Mdiff=15±22) 
 
Whole words read: children in 
intervention group showed 
greater improvement 
(Mdiff=20±14) compared with 
children in the control group  
(Mdiff=7±9) 
 
Oral reading fluency: no 
difference between 
intervention (Mdiff=27±27) and 
control groups (Mdiff=19±16) 
 
Physical activity: 46% 
increase on days used active 
classroom equipment, 
compared with days in 
traditional classroom   
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Table 5.4: Studies investigating the effect of physically active lessons on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery PA measure Academic outcome 
measure 
Study 
quality 
Results  
Mullender-
Wijnsma et 
al., 2015a  
 
Netherland
s 
within-
subject 
Students: 
n=86   
 
Schools: 
n=4 
 
 
Mean 
age: 
8.2 
years 
 
Years 
2 & 3 
Fit & 
Academically 
proficient at 
school = 30 
min physically 
active 
(MVPA) math 
and language 
lessons 
 
Dose: 3 x per 
week 
22 weeks interventio
n teachers 
None Time-on-task: direct 
observation  
Moderate  Time on task: higher post 
intervention , compared 
with post control lessons 
(ES = 0.41) 
 
 
Graham et 
al., 2014 
 
USA 
Non-
randomise
d 
controlled 
trial 
Students: 
n=21 
 
Schools: 
n=1 
 
Classes: 
n=1 
 
Age 
7-8 
years 
 
Year 
2 
Jump In! = PA 
integrated into 
math lesson 
 
Dose: one-off 
lesson  
1 day Teacher 
and 
researcher  
None Math: post session 
knowledge 
questionnaire  
Weak  Math: no difference 
between intervention (M = 
4.08)  and control groups 
(M = 4.25)  
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Table 5.4: Studies investigating the effect of physically active lessons on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery PA measure Academic outcome 
measure 
Study 
quality 
Results  
Mullender-
Wijnsma et 
al., 2015b 
 
Netherland
s 
Quasi-
experiment
al with 
control 
group 
Students: 
n=228 
 
Schools: 
n=6  
Mean 
age: 
8.1 
years 
 
Years 
2 & 3 
Fit & 
Academically 
proficient at 
school = 30 
min physically 
active 
(MVPA) math 
and language 
lessons 
 
Dose: 3 x per 
week 
21 weeks Interventio
n teachers 
None Math:  
speed test arithmetic  
 
Reading:  
1-minute test 
Weak  Math:  
Year 3: intervention group 
had higher scores, 
compared with control 
group (F[1,99] = 11.72, 
p<0.05).  
Year 2: intervention group 
had lower scores compared 
with control group 
(F[1,109]=12.40, p<0.05) 
 
Reading: 
Year 3:  intervention group 
had higher scores, 
compared with control 
group (F[1,98]=6.97, 
p<0.05). 
Year 2: no difference 
between groups 
(F[1,109]=0.72, p=0.40) 
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Table 5.4: Studies investigating the effect of physically active lessons on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery PA measure Academic outcome 
measure 
Study 
quality 
Results  
Norris et 
al., 2015 
 
UK 
Quasi-
experiment
al 
Students: 
n=85 
 
Schools: 
n=2 
 
Classes: 
n=4 
Age 9 
to 10 
years  
 
Year 
5  
 
London 
Olympic 
theme virtual 
field trip = 30 
mins 
completing 
prompted 
activities (e.g. 
running 100m 
sprint on the 
spot)  
 
Dose: one off 
lesson 
May and 
June but 
interventio
n ran for 1-
day in each 
class 
Teacher Active lesson 
PA: 
Accelerometer  
Lesson content 
recall: 
10 item content 
recall quiz  
Weak  Content recall quiz: no 
difference between groups  
 
Physical activity: increase in 
intervention group 
Reed et al., 
2010 
 
USA 
Cluster 
RCT; pre-
and post-
test 
Students: 
n=155 
 
Schools:  
n=1 
 
Classes: 
n=6 
Age 9 
to 11 
years 
 
Year 
3 
30 mins PA 
integrated into 
language and 
math and 
social studies 
lessons.  
 
Dose: 3 x per 
week  
3 months Teacher DIGI- 
WALKER 
pedometer SW 
200- used  in 
intervention 
group to 
record steps 
during lesson 
only 
Fluid intelligence: 
Standard 
Progressive 
Matrices  
 
Academic 
achievement: 
Palmetto 
Achievement 
Challenge Tests 
(English, math, 
science and social 
studies  
Weak  Fluid intelligence: higher scores 
in intervention, compared with 
control group (M=36.66, 
p=0.45) 
 
Social studies: higher scores in 
intervention, compared with 
control group (t=p=0.004) 
 
Math: no difference between 
groups (t=1.107, p=0.09) 
 
English:  no difference between 
groups (t=0.71, p=0.0478) 
 
Science: no difference between 
groups (t=1.490, p=0.140) 
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Table 5.4: Studies investigating the effect of physically active lessons on academic and physical activity outcomes (cont.) 
Paper/ 
country 
Study 
design 
Sample 
size 
Age  Intervention Duration Delivery PA measure Academic outcome 
measure 
Study 
quality 
Results  
Grieco et 
al., 2016  
 
USA 
Mixed 
factorial 
design 
Students:  
n=320 
 
schools: 
n= 
 
Classes: 
n=20 
Age 7 
to 12 
years 
Spelling Relay 
= 10-15 min 
PA integrated 
into spelling 
lessons 
delivered at 
different PA 
intensities 
(seated 
traditional 
lesson, seated 
game, LMPA 
game & 
MVPA game) 
1 x lesson 
per 
condition 
Research 
staff 
Physical 
activity 
intensity 
during 
lessons: 
accelerometer 
 
On task behavior: 
direct observation  
 
Weak  On task behavior: significant 
increase in time on task from 
pre- to post- LMPA game 
(ES=0.43) and MVPA game 
(ES=1.22) 
Mullender-
Wijnsma et 
al., 2016  
 
Netherland
s 
RCT Students:  
n=499 
 
Schools: 
n=12 
Years 
2 & 3 
 
Mean 
age: 
8.1 ± 
0.7 
years 
Fit & 
Academically 
proficient at 
school = 30 
min physically 
active 
(MVPA) math 
and language 
lessons 
 
Dose: 3 x per 
week 
22 weeks 
per year 
school, 
with 1-year 
and 2-year 
follow up 
1st year - 
interventio
n teachers 
 
2nd year –
teacher  
None  Reading: 1 minute 
test  
 
Spelling: spelling 
scores retrieved 
from a child 
academic 
monitoring system 
 
Math: speed test 
arithmetic and 
general math scores 
retrieved from a 
child academic 
monitoring system 
Weak  Math: intervention group 
showed greater improvement in 
math speed test (ES=0.51) and 
general math scores (ES=0.42), 
compared with control group 
 
Spelling: intervention group 
showed greater improvement in 
spelling scores (ES=0.45), 
compared with control group. 
 
Reading: no difference between 
groups (t=0.00; p=1.00) 
Abbreviations: 
MVPA: moderate to vigorous physical activity intensity; MPA: moderate physical activity intensity; PA: physical activity; RCT: randomised controlled trial 
 
124 | P a g e  
 
INTERVENTION CONTENT 
There was considerable variation across studies in intervention content.  While most 
(12 out of 19) active break interventions featured basic aerobic movements that 
students could perform in their classroom (e.g. jumping jacks), and required no set-
up or equipment (Ahamed et al., 2007, Carlson et al., 2015, Hill et al., 2010, Hill et 
al., 2011, Howie et al., 2014a, Howie et al., 2015, Ma et al., 2014a, Ma et al., 2015, 
Whitt-Glover et al., 2011, Katz et al., 2010, van den Berg et al., 2016, Mead et al., 
2016), others were performed outside the classroom (e.g. sports field) (Janssen et al., 
2014, Wilson et al., 2015, Lisahunter et al., 2014, Barnard et al., 2014, Schmidt et al., 
2016), and/or required additional equipment (e.g. markers, skipping ropes, balls, 
exercise bands, dance videos, or specialised stacking cups) (Janssen et al., 2014, 
Wilson et al., 2015, Uhrich and Swalm, 2007, Altenburg et al., 2016). One study 
utilised both cognitively engaging active breaks (i.e. physical activity combined with 
cognitive demand) and active breaks to explore separate and combined effects of 
physical activity and cognitive engagement on cognitive function (Schmidt et al., 
2016). The target frequency, duration and physical activity intensity of the breaks 
varied, ranging from 4-minutes of vigorous- intensity physical activity weekly (Ma et 
al., 2014a, Ma et al., 2015) to 20 minutes of moderate intensity physical activity done 
twice per day (Altenburg et al., 2016).   
 
There was more consistency in content across curriculum-focussed active breaks, 
compared with the active breaks without curriculum content. All curriculum-
focussed active breaks featured physical activity integrated into a combination of key 
learning areas, including mathematics, language, science and/or social studies, and 
aimed to reinforce previously taught lesson content (Bailey and DiPerna, 2015, 
Erwin et al., 2012a, Fedewa et al., 2015, Mahar et al., 2006, Grieco et al., 2009, 
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Vazou et al., 2012, Goh et al., 2016).  Further, most (5 out of 7) required daily 
participation in 10 to 20 minutes of physical activity (Fedewa et al., 2015, Erwin et 
al., 2012a, Mahar, 2011, Bailey and DiPerna, 2015, Goh et al., 2016).  When 
specified, participation was required at a moderate-(Vazou et al., 2012) or moderate-
to vigorous-physical activity intensity (Grieco et al., 2009), but intensity was not 
specified in the majority (5 out of 7) of these studies (Bailey and DiPerna, 2015, 
Erwin et al., 2012a, Fedewa et al., 2015, Mahar et al., 2006, Goh et al., 2016).   
 
While curriculum-focussed active breaks aimed to reinforce previously taught lesson 
content, physically active lessons were used to teach new lesson content (McCrady-
Spitzer et al., 2015, Mullender-Wijnsma et al., 2015a, Mullender-Wijnsma et al., 
2015b, Graham et al., 2014, Riley et al., 2015a, Riley et al., 2015b, Donnelly et al., 
2009, Reed et al., 2010, Beck et al., 2016, de Greeff et al., 2016, Grieco et al., 2016, 
Mullender-Wijnsma et al., 2016).  These lessons predominately incorporated 
physical activity into mathematics and/or language lessons, but some also 
incorporated science and/or social studies (McCrady-Spitzer et al., 2015, Mullender-
Wijnsma et al., 2015a, Mullender-Wijnsma et al., 2015b, Graham et al., 2014, Riley 
et al., 2015a, Riley et al., 2015b, Donnelly et al., 2009, Reed et al., 2010, Beck et al., 
2016, de Greeff et al., 2016, Grieco et al., 2016, Mullender-Wijnsma et al., 2016).  
Lessons ranged in duration from 30 to 60 minutes (McCrady-Spitzer et al., 2015, 
Mullender-Wijnsma et al., 2015a, Mullender-Wijnsma et al., 2015b, Norris et al., 
2015b, Reed et al., 2010, Riley et al., 2015a, Riley et al., 2015b, Beck et al., 2016, de 
Greeff et al., 2016, Mullender-Wijnsma et al., 2016) with most (8 out of 13) 
requiring participation three times per week (Mullender-Wijnsma et al., 2015a, 
Mullender-Wijnsma et al., 2015b, Riley et al., 2015a, Riley et al., 2015b, Reed et al., 
2010, Beck et al., 2016, de Greeff et al., 2016, Mullender-Wijnsma et al., 2016).  
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Other physically active lessons were described as single lessons as part of pilot 
interventions (Graham et al., 2014, Norris et al., 2015b, Grieco et al., 2016), or 
stipulated physical activity time per week, rather than number of lessons per week 
(Donnelly et al., 2009).   
 
INTERVENTION FIDELITY 
Intervention fidelity was reported in twelve studies. For the three active break 
interventions delivered by teachers, various measures of fidelity were used, however, 
no study clearly reported compliance with implementing active breaks daily or the 
number of active break sessions conducted. Active break interventions delivered by 
research staff reported high fidelity, showing most children achieved the required 
physical activity intensity (Janssen et al., 2014, Howie et al., 2014a, Howie et al., 
2015), or at least 50% of each intervention session was spent at the required intensity 
(Wilson et al., 2015, Lisahunter et al., 2014).  
 
For physically active lesson interventions, teacher reports showed they delivered  
lessons either as intended (Riley et al., 2015a) or for at least 50% of the required 
minutes per week (Donnelly et al., 2009). Similar to active break studies, when 
delivered by research staff, at least 60% of intervention lessons were spent at the 
required physical activity intensity (Mullender-Wijnsma et al., 2015a, Mullender-
Wijnsma et al., 2015b). No curriculum focussed active break study reported fidelity. 
 
METHODOLOGICAL QUALITY  
Of the 39 identified studies, most (36 out of 39) received a moderate (Ma et al., 
2015, Howie et al., 2014a, Howie et al., 2015, Janssen et al., 2014, Hill et al., 2011, 
Barnard et al., 2014, Erwin et al., 2012a, Grieco et al., 2009, Vazou et al., 2012, 
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McCrady-Spitzer et al., 2015, Mullender-Wijnsma et al., 2015b, Beck et al., 2016, 
Goh et al., 2016, Schmidt et al., 2016), or weak quality rating score (Carlson et al., 
2015, Wilson et al., 2015, Hill et al., 2010, Ahamed et al., 2007, Whitt-Glover et al., 
2011, Uhrich and Swalm, 2007, Katz et al., 2010, Lisahunter et al., 2014, Fedewa et 
al., 2015, Mahar et al., 2006, Bailey and DiPerna, 2015, Norris et al., 2015b, 
Mullender-Wijnsma et al., 2015a, Graham et al., 2014, Riley et al., 2015a, Riley et 
al., 2015b, Reed et al., 2010, Altenburg et al., 2016, Grieco et al., 2016, Mead et al., 
2016, Mullender-Wijnsma et al., 2016, van den Berg et al., 2016).  Three received a 
strong quality rating score (Ma et al., 2014a, Donnelly et al., 2009, de Greeff et al., 
2016).  Low to moderate quality score ratings were mostly attributable to not 
reporting or controlling for relevant demographic confounders, not reporting blinding 
of participants and researchers, and not reporting participant attrition. Further, for 
many studies, authors did not report the rate of participant or school participation.  
See Appendix A for further detail on quality assessment of included studies. 
 
ACADEMIC-RELATED OUTCOMES: CLASSROOM BEHAVIOUR 
Studies assessed the effect of participation in these programs on academic-related 
outcomes both immediately following participation in a session (acute) and after a 
longer exposure (chronic; e.g. pre- and post- intervention periods spanning up to 8 
months). Regardless of type of classroom-based physical activity, the majority of 
studies (10 out of 12) showed participation in these programs had an acute effect on 
improving on-task classroom behaviour (Mahar et al., 2006, Bailey and DiPerna, 
2015, Howie et al., 2014a, Mullender-Wijnsma et al., 2015b, Riley et al., 2015a, 
Riley et al., 2015b, Goh et al., 2016, Grieco et al., 2016) and reducing off-task 
behaviour (Carlson et al., 2015, Ma et al., 2014a).  However, evidence in the few 
studies with longer term follow-up (2 out of 2 studies) suggest that this improvement 
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may dissipate over time, with no difference between groups when chronic 
intervention effects on reported behaviour incidents were assessed (Katz et al., 2010, 
Lisahunter et al., 2014). Due to few studies investigating chronic effects of 
classroom-based physical activity on on-task and off task classroom behaviour (<5) it 
was not possible to separate acute and chronic effects in the meta-analysis. Results 
from the 4 included studies show classroom-based physical activity had a positive 
effect on improving on-task behaviour and reducing off-task behaviour (standardised 
mean difference=0.60 (95% CI: 0.20,1.00)) (see figure 5.2). 
 
 
Figure 5.2: Forrest plot of the effect of classroom-based physical activity on 
classroom behaviour 
 
ACADEMIC-RELATED OUTCOMES: COGNITIVE FUNCTION 
Studies also assessed acute and chronic effects of classroom-based physical activity 
on a range of cognitive functions (Ma et al., 2015, Janssen et al., 2014, Hill et al., 
2010, Hill et al., 2011, Howie et al., 2015, Wilson et al., 2015, Lisahunter et al., 
2014, Fedewa et al., 2015, Reed et al., 2010, Altenburg et al., 2016, de Greeff et al., 
2016, van den Berg et al., 2016).  Results showed active breaks had an acute positive 
effect on selective attention (3 out of 4 studies) (Ma et al., 2015, Janssen et al., 2014, 
Altenburg et al., 2016). No acute effect was reported for sustained attention (Wilson 
et al., 2015), information processing (van den Berg et al., 2016) or focussed 
attention, processing speed and accuracy (Schmidt et al., 2016), and no chronic effect 
was reported for planning, attention, simultaneous or successive cognitive processes 
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(Lisahunter et al., 2014) or executive function (de Greeff et al., 2016).  Acute 
intervention effects on executive function were inconsistent, with no difference 
between groups reported in one study (Howie et al., 2015), while another reported 
improvements in executive function but only for those receiving the intervention in 
the second week of delivery (Hill et al., 2010, Hill et al., 2011).  Results were also 
inconsistent for chronic intervention effects on fluid intelligence, with one study 
reporting a significant improvement after 3 months (Reed et al., 2010), while another 
reported no difference between groups after 1-year (Fedewa et al., 2015).  Due to few 
studies reporting chronic effects of participation (<5) results for acute and chronic 
studies were combined in the meta-analysis (5 studies). Results from the meta-
analysis indicate classroom-based physical activity had no effect on cognitive 
function (standardised mean difference=0.33 (95% CI: -0.11,0.77) (see figure 5.3).   
 
Figure 5.3: Forrest plot of the effect of classroom-based physical activity on 
cognitive function 
 
ACADEMIC-RELATED OUTCOMES: ACADEMIC ACHIEVEMENT 
Studies assessed intervention effects on academic achievement using a range of 
academic assessment tools, including standardised tests, progress monitoring tools, 
grades and content recall quizzes. Reported effects on academic achievement varied 
by intervention duration and the type of assessment tool used. Interventions of 
shorter duration tended to show improvement in academic achievement if a progress 
monitoring tool was used, but not if a national standardised test was used. Seven out 
of 8 studies using a progress monitoring tool reported significant improvement in 
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academic achievement following intervention periods ranging from 4 weeks to 1-
year (McCrady-Spitzer et al., 2015, Mullender-Wijnsma et al., 2015a, Erwin et al., 
2012a, Fedewa et al., 2015, Howie et al., 2015, Uhrich and Swalm, 2007, Mullender-
Wijnsma et al., 2016).  In contrast, most (4 out of 7) studies indicated no difference 
between groups following intervention periods less than 1-year when national 
standardised tests were used as the outcome measure (Katz et al., 2010, Riley et al., 
2015a, Reed et al., 2010, Mullender-Wijnsma et al., 2016).  However, standardised 
test scores significantly improved following a 1-year (Mead et al., 2016) and 3-year 
physically active lesson intervention (Donnelly et al., 2009).  These results were 
confirmed in the meta-analysis. When progress monitoring tools were used (4 
studies) as the outcome measure, academic-related outcomes generally showed 
improvement (standardised mean difference = 1.03 (95% CI: -0.22,1.84)). However, 
when measured using a national standardised test (6 studies), academic-related 
outcomes generally showed no improvement (standardised mean difference=-1.13 
(95% CI: -0.72,0.46)) (see figure 5.4). 
 
Figure 5.4: Forrest plot of the effect of classroom-based physical activity on 
academic achievement 
 
In addition to standardised tests and progress monitoring tools, a small number of 
studies (not included in the meta-analysis) measured academic achievement via 
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grades, content recall quizzes and self-reported academic competence. Results were 
inconsistent. One study reported no difference between groups for grades across 
eight subjects (total score) following a 20-week active break program (Lisahunter et 
al., 2014), Another reported a greater proportion of students in the control group 
showed improvement in grades for math and reading, compared with an active break 
intervention group (Katz et al., 2010).  Other studies assessed academic achievement 
via content recall quizzes and perceptions of academic competence, with no 
difference between groups in math and social studies scores following participation 
in single lessons lasting between 10 and 30 minutes (Graham et al., 2014, Norris et 
al., 2015b). Another study reported self-reported perceptions of academic 
competence improved during physically active lessons (Vazou et al., 2012). 
 
DOSE RESPONSE RELATIONSHIP 
Four studies aimed to explore the optimal dose of active break (i.e. amount of 
physical activity required to confer academic benefits) required to provide maximum 
effects on academic-related outcomes, by manipulating intensity (Janssen et al., 
2014), duration (Howie et al., 2014a, Howie et al., 2015), and frequency (Altenburg 
et al., 2016) of active break sessions.  Howie and colleagues (Howie et al., 2014a, 
Howie et al., 2015) compared 5-, 10- and 20-minute active breaks with a 10-minute 
no break condition.  Results showed on-task classroom behaviour significantly 
improved after the 10-minute active break condition (Howie et al., 2014a) and math 
scores were highest after the 10-minute (ES=0.24) and 20-minute (ES=0.27) active 
break conditions (Howie et al., 2015). Janssen et al. (Janssen et al., 2014) compared 
selective attention scores across 15 minutes of each of the following four conditions: 
no break (continued with school work), passive break (teacher read story), moderate-
intensity active break (jogging, passing, dribbling), and vigorous- intensity active 
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break (running, jumping, skipping) (Janssen et al., 2014).  Results showed that 
selective attention scores improved most after the moderate-intensity active break 
(Janssen et al., 2014).  Altenburg and colleagues (Altenburg et al., 2016) compared 
acute effects of different frequencies (one per day vs. twice per day) of 20 minute 
moderate-intensity active breaks. Results showed significantly better selective 
attention scores for children who received the twice per day frequency (Altenburg et 
al., 2016). 
 
PHYSICAL ACTIVITY OUTCOMES  
Eleven studies examined the effect of classroom-based physical activity interventions 
on children’s physical activity levels using a range of measures, including 
questionnaire (Ahamed et al., 2007), direct observation (Whitt-Glover et al., 2011), 
pedometer (Mahar et al., 2006, Bailey and DiPerna, 2015, Lisahunter et al., 2014), 
and accelerometer (Riley et al., 2015a, Riley et al., 2015b, Donnelly et al., 2009, 
McCrady-Spitzer et al., 2015, Norris et al., 2015b, Carlson et al., 2015, Lisahunter et 
al., 2014). Across most (10 out of 11) classroom-based physical activity 
interventions, small increases in physical activity were reported (Carlson et al., 2015, 
Whitt-Glover et al., 2011, Ahamed et al., 2007, McCrady-Spitzer et al., 2015, Riley 
et al., 2015a, Riley et al., 2015b, Mahar et al., 2006, Bailey and DiPerna, 2015, 
Donnelly et al., 2009, Norris et al., 2015b). Across studies there was a 2% to 16% 
increase in moderate- to vigorous- intensity physical activity during intervention 
lessons, (McCrady-Spitzer et al., 2015, Norris et al., 2015b, Riley et al., 2015a, Riley 
et al., 2015b, Whitt-Glover et al., 2011), and 2% to 12% increase in school day 
moderate- to vigorous- intensity physical activity (Riley et al., 2015a, Riley et al., 
2015b, Donnelly et al., 2009).  However, as shown in figure 5.5 results from 3 
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studies included in meta-analysis indicate classroom-based physical activity did not 
affect physical activity (standardised mean difference=0.40 (95% CI: -0.15,0.95).   
 
Figure 5.5: Forrest plot of the effect of classroom-based physical activity on 
physical activity 
 
 
5.6 DISCUSSION 
A systematic search of the literature found 39 studies assessing the effect of 
classroom-based physical activity on academic-related outcomes, including 
classroom behaviour, cognitive function and academic achievement. In the majority 
of studies, academic-related outcomes improved following participation in 
classroom-based physical activity programs. These findings are generally consistent 
with earlier reviews finding that overall physical activity level was either positively 
associated, or was not associated with academic-related outcomes (Lees and 
Hopkins, 2013, Singh et al., 2012, Trudeau and Shephard, 2008).  In addition, the 
interventions included in the current review generally resulted in more physical 
activity. 
 
The finding that classroom-based physical activity improves on-task or reduces off-
task classroom behaviour immediately following participation in intervention 
sessions is consistent with previous reviews of school-based physical activity. For 
example, systematic reviews of the effect of physical activity during the school break 
time on academic-related outcomes showed positive associations between 
participation in physical activity before class (e.g. during recess/snack time) and on-
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task classroom behaviour in subsequent lessons (Rasberry et al., 2011, Trudeau and 
Shephard, 2008).  Therefore, breaking up lesson time with physical activity offers a 
promising strategy to improve on-task behaviour. Further, physically active lessons 
may provide a strategy to engage students in lesson content, which may lead to 
improved on-task classroom behaviour.  However, this assumption is purely 
speculative and further research is needed to confirm this. One study reported a non-
significant increase in on-task classroom behaviour after intervention sessions, 
compared with control (Grieco et al., 2009). A possible reason for this finding may 
be that the sample size in that study (n=97) may not have been large enough to detect 
a significant improvement.   Few studies (n=3) reported that classroom-based 
physical activity had no effect on classroom behaviour. The majority of these studies 
(2 out of 3) reported that, while behaviour incidents and off-task behaviour increased 
in both the intervention and control groups, the increase was greater in the control 
group, compared with the intervention group (Lisahunter et al., 2014, Wilson et al., 
2015).   These findings may encourage teachers to consider implementing classroom-
based physical activity programs by alleviating concerns about reducing on-task 
behaviour due to the disruption to the classroom routine (McMullen et al., 2014). 
 
While classroom-based physical activity showed relatively consistent positive 
associations with classroom behaviour, effects on cognitive function were 
inconsistent. A possible explanation for this finding may relate to the variability in 
the quality of measures used. Overall results showed studies that reported 
improvements in cognitive function used measures with moderate to high levels of 
reliability and validity (Brickenkamp and Zillmer, 1998, Manly et al., 2001b). In 
contrast, studies reporting no improvement in cognitive function mainly used 
measures with lower levels of reliability and validity (Neyens and Aldenkamp, 
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Nunnally, 1967, Roach et al., 2006). It may be important for future studies to use 
tests of cognitive function with established validity and reliability.  
 
A further possible explanation for inconsistent effects on cognitive function may 
relate to the level of cognitive engagement inherent in each type of classroom-based 
physical activity.  It has been suggested that cognitively engaging physical activity 
(i.e. physical activity combined with cognitive demands) may enhance cognitive 
function to a greater degree than non-cognitively engaging physical activity (e.g. 
repetitive exercise) (Best, 2012).  As curriculum-focused active breaks and 
physically active lessons can be considered cognitively engaging physical activity, it 
could be hypothesised that these types of classroom-based physical activity would 
lead to greater improvements in cognitive function, compared with active breaks that 
involve no cognitive content. While the majority of physically active lesson and 
curriculum focussed active break interventions (2 out of 3 studies) and only half of 
active break interventions (5 out of 10 studies) led to improvements in cognitive 
function, there were too few cognitively engaging interventions included in the 
review to draw a definitive conclusion.  The one study that compared cognitively 
engaging and non-cognitively engaging active breaks, showed an impact on 
cognitive outcomes for the cognitively engaging breaks group only, lending support 
to this hypothesis (Schmidt et al., 2016). Although not explicitly stated, many studies 
which do not purport to involve cognitively engaging physical activity involve some 
activities which are likely to confer cognitive engagement e.g. hopping sequences to 
music (Hill et al., 2010, Hill et al., 2011), and coordinative exercises (van den Berg 
et al., 2016). Some of these report positive and some null findings, yet it is difficult 
to ascertain the proportion of physical activity children were exposed to that was 
cognitively engaging. Future studies are encouraged to separate the effects of 
 
136 | P a g e  
 
cognitively engaging and non-cognitively engaging physical activity on cognitive 
functions. 
 
In addition to the cognitive test used, results may be dependent on the type of 
cognitive function assessed.  For example, classroom-based physical activity 
appeared to have a particularly beneficial effect on selective attention (Ma et al., 
2015, Janssen et al., 2014, Altenburg et al., 2016), compared with other components 
of cognitive function, including sustained attention (Wilson et al., 2015), fluid 
intelligence (Fedewa et al., 2015, Reed et al., 2010), information processing speed 
(van den Berg et al., 2016), and executive function (Howie et al., 2015, Hill et al., 
2010, Hill et al., 2011, de Greeff et al., 2016).  However, a recent systematic review 
concluded that there is insufficient evidence to conclude what specific cognitive 
functions are most affected by physical activity (Lubans et al., 2016). Exercise-
induced arousal may provide a further explanation for inconsistency in findings.  
This theory suggests that the heightened level of arousal during physical activity 
facilitates cognitive function and that this effect may be moderated by physical 
activity intensity (Lambourne and Tomporowski, 2010).  However, while the 
majority of included studies reported a target physical activity intensity, few 
measured physical activity intensity during interventions precluding conclusions 
regarding the role of physical activity intensity on cognitive function. Thus, the 
favourable effect of physical activity on selective attention indicated in this review 
requires further research for confirmation.  Nonetheless, should improvements in 
selective attention occur, such as the ability to ignore distractions this may be of 
particular interest to teachers and may provide motivation to incorporate physical 
activity into their classroom routine. 
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In addition to classroom behaviour and cognitive function, classroom-based physical 
activity may also have a positive effect on academic achievement. However, effects 
on academic achievement may be dependent on intervention duration and the type of 
assessment tool used to measure academic achievement. In the current review it 
appeared that interventions of shorter duration were more likely to show an 
improvement in academic achievement if a progress monitoring tool was used, rather 
than a national standardised test. This may be because curriculum-based measures 
are sensitive to small changes in academic achievement, and can be administered 
frequently (e.g. weekly) (Madelaine and Wheldall, 1998, Madelaine and Wheldall, 
2002), while standardised tests are usually designed to be administered less 
frequently (e.g. yearly), and are not sensitive to short-term progress.  Therefore, 
progress monitoring tools may be a more suitable choice to determine intervention 
effects on academic achievement in the short-term.  This finding has important 
implications for future research, indicating it may be important to consider 
intervention duration when selecting the measure of academic achievement. 
Therefore, future intervention studies may consider using a progress monitoring tool 
for intervention periods less than 1-year, and standardised tests for intervention 
periods longer than 1-year if academic achievement is the outcome of interest.  
 
Other studies investigated the impact of different doses of classroom-based physical 
activity on academic-related outcomes.  However, results are based on few (n=4) 
heterogeneous studies which considered a limited range of potential physical activity 
doses. Thus, further research is needed to be able to draw conclusions regarding the 
minimal dose of active break required to impact academic-related outcomes.  
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Several studies aimed to explore the effect of classroom-based physical activity on 
children’s physical activity levels (Carlson et al., 2015, Whitt-Glover et al., 2011, 
Ahamed et al., 2007, McCrady-Spitzer et al., 2015, Riley et al., 2015a, Riley et al., 
2015b, Mahar et al., 2006, Bailey and DiPerna, 2015, Donnelly et al., 2009, Norris et 
al., 2015b, Lisahunter et al., 2014).  Results from the meta-analysis showed 
classroom-based physical activity did not affect physical activity levels.  However, as 
only three of the 11 identified studies could be included in the meta-analysis these 
results should be interpreted with caution, and further research is warranted.  
Findings from the systematic review consistently revealed small increases in physical 
activity in children participating in the intervention, compared with students in the 
comparison group. These findings are in line with results from another review 
reporting positive associations between classroom-based physical activity 
interventions and children’s physical activity levels (Norris et al., 2015a).  While 
promising, it is possible compensation for this activity occurs outside of school. 
However, with limited information available, it is difficult to make strong 
conclusions on this.  Further, it can be difficult to implement physical activity 
interventions in schools, often due to a lack of time associated with competing 
curriculum demands (Naylor et al., 2015). However, classroom-based physical 
activity is unique from other forms of school-based physical activity (e.g. Physical 
Education class and school sport) in that it does not compete for instructional time 
(physically active lessons and curriculum-focussed active breaks) and requires only 
minimal time commitment (active breaks). Thus, classroom-based physical activity 
may be a potentially appealing option for schools as it offers a time-efficient strategy 
to promote physical activity. 
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5.7 LIMITATIONS 
The considerable variation between studies in study designs, intervention content and 
outcome assessment tools make it difficult to draw definitive conclusions, as 
evidenced by the small proportion of studies that could be included in meta-analyses.  
For studies that assessed intervention effects on physical activity, the majority 
compared physical activity levels during the classroom-based physical activity 
session, with a traditional seated lesson (Riley et al., 2015a, Riley et al., 2015b, 
Whitt-Glover et al., 2011, Lisahunter et al., 2014), or assessed intervention effects on 
school day physical activity levels only (Mahar et al., 2006, Bailey and DiPerna, 
2015, McCrady-Spitzer et al., 2015, Riley et al., 2015a, Riley et al., 2015b, Carlson 
et al., 2015).  Therefore, it is unclear if the increase in physical activity during these 
sessions is compensated for by a reduction in physical activity at other times of the 
day.  However, as intervention effects on improving on-task, reducing off-task 
classroom behaviour and cognitive function appear to be primarily acute, this may 
not be a problem for these outcomes. In addition, few studies used an objective 
measure of physical activity intensity (Carlson et al., 2015, McCrady-Spitzer et al., 
2015, Riley et al., 2015a, Riley et al., 2015b, Donnelly et al., 2009, Norris et al., 
2015b, Ahamed et al., 2007, Lisahunter et al., 2014).  Thus, future studies using 
objective measures of physical activity are required to determine intervention effects 
on overall moderate- to- vigorous- intensity physical activity, and to determine 
intervention fidelity (i.e. if the required physical activity intensity is met) within the 
sessions.  Lastly, given that the majority of included studies reported significant 
improvements in academic-related outcomes, it is possible publication bias may have 
impacted the lack of published null associations.   
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5.8 CONCLUSION 
Classroom-based physical activity interventions may provide a practical, low-cost, 
and effective strategy to increase academic-related outcomes, particularly acute 
positive effects on improving on-task and reducing off-task classroom behaviour and 
selective attention.  Classroom-based physical activity could also have the potential 
to increase children’s physical activity levels, however further research is needed to 
confirm this. Findings from this systematic review should be interpreted with caution 
given the high number of included studies of low methodological quality, suggesting 
there is room for improvement in classroom-based physical activity intervention 
study designs and reporting.  This review has identified a number of areas for further 
research in order to increase understanding of the effect of classroom-based physical 
activity on academic and physical activity outcomes. These include the need for 
future studies to use objective measures of physical activity, and to consider 
intervention duration when selecting a measure of academic achievement. In 
addition, future studies should explore the effect of classroom-based physical activity 
interventions on specific cognitive outcomes, as well as the impact of different types 
of physical activity (aerobic versus anaerobic versus resistance training and 
cognitively engaging vs. non-cognitively engaging physical activity) on academic-
related outcomes. Further, it is not clear if improvements in academic-related 
outcomes are a result of the physical activity or a result of the break from academic 
instruction, therefore future research is encouraged to add an attention control group. 
Lastly, it is recommended future studies use a standardized measure of cognitive 
function with established reliability and validity to be able to make comparisons 
across studies. 
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CHAPTER 6. A PRIMARY SCHOOL ACTIVE BREAK 
PROGRAM (ACTI-BREAK): STUDY PROTOCOL FOR 
A PILOT CLUSTER RANDOMISED CONTROLLED 
TRIAL 
 
6.1 PREFACE 
One type of physical activity, organised sport (chapter 4) was shown to benefit 
classroom behaviour outcomes. As outlined in section 2.7, physical activity may lead 
to improvements in classroom behaviour before improvements in academic 
achievement are observed. Thus, in order to provide an in-depth exploration into 
intervention effects on academic-related outcomes, it was considered important to 
include both outcomes.  
 
Chapter 5 indicated that classroom-based physical activity interventions generally 
had a positive effect on classroom behaviour outcomes. Classroom-based physical 
activity interventions also lead to improvements in academic achievement if a 
measure suitable to the intervention duration was used. Lastly, these interventions 
resulted in small increases in physical activity for the intervention group, compared 
with control group. However, several limitations of existing interventions were 
identified. Given the potential for classroom-based physical activity to improve both 
academic and physical activity outcomes, a classroom-based physical activity 
intervention was developed to overcome limitations associated with previous 
classroom-based physical activity interventions.   
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Specifically, an active break (ACTI-BREAK) intervention, rather than a physically 
active lesson or curriculum focussed active break intervention was developed. An 
active break intervention was chosen for two reasons. First, active breaks represent a 
time-efficient physical activity promotion strategy, which may be attractive within 
busy classroom settings. Secondly, qualitative evidence suggests that teachers are 
more likely to implement active breaks, compared with classroom-based physical 
activity interventions that involve the integration of physical activity into lesson 
content due to their perceived ease of implementation (van den Berg et al., 2017).  
ACTI-BREAK was developed to overcome limitations in the existing literature 
identified in chapter 5. These were (1) few studies used an objective measure of 
physical activity intensity to measure intervention effects on moderate- to vigorous- 
physical activity levels (important to determine intervention effects on meeting 
physical activity guidelines); (2) few used measures of academic achievement 
suitable for the intervention duration; (3) no previous active break intervention was 
developed in consultation with classroom teachers, which is important for feasibility 
and sustainability in real world settings; and (4) few have been guided by a theory of 
behaviour change.The active break intervention described in this chapter is 
underpinned by social cognitive theory (Bandura, 1986) and the ecological model 
(Giles-Corti and Donovan, 2002) and embeds the Capability, Opportunity, 
Motivation-Behaviour model of behaviour change (Michie S. et al., 2014).  
 
Social cognitive theory (Bandura, 1986) suggests that personal, behavioural and 
environmental factors influence one another bi-directionally to influence an 
individual’s behaviour. Personal factors include knowledge, perceived self-efficacy, 
and outcome expectation related to the behaviour adoption. Behavioural factors 
include goal setting and environmental factors include social support and barriers 
 
143 | P a g e  
 
(ranging from personal to social and structural) to engage in the desired behaviour 
(Ramirez et al., 2012). This theory is commonly used when developing physical 
activity interventions for children (Lubans et al., 2008). Given this, social cognitive 
theory was used in the development of ACTI-BREAK.  
 
While each of the constructs defined in social cognitive theory play a role in the 
facilitation of behaviour change, the focus of social cognitive theory is on self-
efficacy (i.e. on the individual). Thus, this theory fails to consider the broader context 
in which the behaviour takes place (Ramirez et al., 2012). Ecological models focus 
on the broader environmental determinants of physical activity, suggesting the 
individual and the social and physical environment interact with each other to 
influence behaviour (Giles-Corti and Donovan, 2002). An ecological model was used 
to group constructs identified in social cognitive theory into their potential level of 
influence (i.e. individual, social environment and physical environment). 
 
In addition to being underpinned by social cognitive theory and ecological model, 
ACTI-BREAK was developed using the Capability, Opportunity, Motivation-
Behaviour model of behaviour change (Michie et al., 2014). This model provides a 
systematic method for designing interventions aimed at behaviour change. It 
proposes behaviour, intervention functions (education, training, incentivisation etc.) 
and policy interact with each other to influence behaviour change. That is, 
components of behaviour are linked to the intervention functions which are linked to 
policy categories. The components of behaviour include capability, opportunity and 
motivation. Capability refers to the individual having the necessary knowledge and 
skills to engage in the behaviour. Opportunity is refers to the factors that make the 
behaviour possible or prompt it. Motivation refers to the brain processes that energise 
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and direct behaviour. This model, developed based on a systematic review of 
behaviour change interventions provides a comprehensive model for developing 
behaviour change interventions (Michie et al., 2011). Thus, this model was used in 
the development of the ACTI-BREAK intervention. 
 
This chapter addresses the second part of Aim 3 (To use this information [from 
chapter 5] to develop a classroom-based physical activity intervention that 
overcomes limitations of previous interventions). It describes the ACTI-BREAK 
program in detail and provides rational for the methodology. The text from this 
chapter was prepared in accordance with the CONSORT guidelines and has been 
published as an intervention protocol paper in Trials as: 
 
Watson A, Timperio A, Brown H, Hesketh KD. A primary school active break 
programme (ACTI-BREAK): study protocol for a pilot cluster randomised controlled 
trial. Trials. 2017;18(1). 
 
Following on from chapter 6, the effect of the ACTI-BREAK program on academic 
and physical activity outcomes will be presented in chapter 7. Chapter 8 will present 
results of a process evaluation describing the feasibility and fidelity of the ACTI-
BREAK program.   
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6.2 BACKGROUND 
While the health benefits of physical activity are well established (Okely T et al., 
2012), higher levels of physical activity are also associated with enhanced academic-
related outcomes including cognitive function, classroom behaviour and academic 
achievement (Fedewa and Ahn, 2011, Sibley BA and Etnier JL, 2003, Erwin et al., 
2012b). However, population based-studies have reported that over 50% of children 
in Australia and internationally are not meeting the recommended levels of physical 
activity, and rates of compliance decline with increasing age from the early primary 
school years (Active Healthy Kids Canada, 2013, Australian Bureau of Statistics, 
2013, Griffiths et al., 2013, Troiano et al., 2008).  Thus, increasing children’s levels 
of physical activity has important implications for both health and academic-related 
outcomes during childhood.  The brain may be particularly sensitive to the effects of 
physical activity during pre-adolescence as the neural circuitry of the brain is still 
developing (Hotting and Roder, 2013).  Thus, in order to stem age-related declines in 
physical activity and maximise academic-related outcomes, preadolescent children 
aged 8 to 10 years were selected as the target population for this study. 
 
Primary schools can provide an ideal setting for the promotion of children’s physical 
activity due to the amount of time children spend in this setting (Webster et al., 
2015). However, allocating more time for physical activity during the school day can 
be problematic due to competing curriculum demands.  Thus, to enable physical 
activity to be prioritised in the school day, time-efficient physical activity strategies 
that benefit academic achievement are needed (McMullen et al., 2014).  One solution 
could be to break up sedentary time with light intensity physical activity (e.g. 
through the use of standing desks). A recent (2016) systematic review investigated 
the impact of standing desk interventions within the classroom (n=11 studies).  
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While results showed that standing desks within the classroom were not detrimental 
to children’s academic-related outcomes (n=3 studies) (Sherry et al., 2016), more 
consistent positive associations have been observed for the effect of physical activity 
of at least moderate- intensity on academic outcomes (Norris et al., 2015a). Thus, 
combining breaks in sedentary time with moderate- intensity physical activity is 
hypothesised to have enhanced benefits on academic-related outcomes.  Active 
breaks requiring classroom teachers to integrate short bursts of physical activity into 
their classroom routine (Ma et al., 2014a, Howie et al., 2014a), may provide such a 
more effective approach. 
 
Active breaks have been shown to be effective in improving children’s academic 
achievement (Howie et al., 2015, Uhrich and Swalm, 2007), classroom behaviour 
(e.g. on-task behaviour) (Carlson et al., 2015, Ma et al., 2014a, Howie et al., 2014a, 
Whitt-Glover et al., 2011), and cognitive function (e.g. attention) (Ma et al., 2015, 
Janssen et al., 2014).  Thus, active breaks can provide a potentially appealing 
physical activity promotion strategy for teachers and schools. However, there are 
several factors associated with their practical application. During qualitative 
interviews with teachers about their perceptions of using active breaks in the 
classroom, teachers explained the need for active breaks to cater for time (e.g. due to 
academic accountability) and space constraints (Webster et al., 2013, McMullen et 
al., 2014).  Thus, teachers preferred active breaks that were quick and easy to 
implement (i.e. require no set up or equipment) and that were able to be performed 
within limited available space in the classroom (Webster et al., 2013, McMullen et 
al., 2014).  Teachers also expressed concern that active breaks would have an 
adverse effect on classroom behaviour (Webster et al., 2013, McMullen et al., 2014).  
Thus, time and space constraints should be considered when developing classroom-
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based active break programs, and the potential for active breaks to improve on-task 
classroom behaviour should be highlighted during teacher training sessions. 
    
There are several limitations with existing active break programs. No evidence-based 
active break intervention to date has involved classroom teachers in the development 
of the intervention (Riley et al., 2015a). This has important implications for the 
feasibility and sustainability of such programs outside of the research context (Erwin 
et al., 2012b).  Many existing programs require active break durations of between 10 
and 15 minutes (Hill et al., 2010, Hill et al., 2011, Janssen et al., 2014, Whitt-Glover 
et al., 2011, Wilson et al., 2015). However, qualitative interviews with teachers about 
their satisfaction with a previous active break program indicated that active breaks 
longer than 5 minutes were unlikely to be adopted due to time constraints (Howie et 
al., 2014b).  This discrepancy between evidence and practice highlights the 
importance of involving teachers in the development phase to ensure interventions 
have real world applicability.  
 
While the existing evidence base suggests active breaks need to last at least 10 
minutes of at least moderate physical activity intensity in order to be effective for 
improving academic-related outcomes (Howie et al., 2014a, Howie et al., 2015), few 
studies (2 interventions) have investigated the effect of active breaks shorter than 10-
minutes on academic-related outcomes, and results were inconsistent (Ma et al., 
2014a, Ma et al., 2015, Howie et al., 2014a, Howie et al., 2015).  Further, the shorter 
duration active breaks in these interventions were implemented once per day.  A 
recent (2016) study showed that children aged 10 to 13 years who performed two 20-
minute moderate intensity active breaks per day had significantly better selective 
attention scores compared to children who performed one active break per day 
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(Altenburg et al., 2016), highlighting the potential effectiveness of frequent active 
breaks. However, the impact of frequent, short (i.e. 5-minute) active breaks on 
academic related outcomes is unknown, and further research is needed to determine 
if this more feasible approach can be effective in improving academic-related 
outcomes.   
 
A further limitation of previous research in this area is the choice of outcome 
assessment measures. Most studies have used a standardised test or grades to assess 
intervention effects on academic achievement (Ahamed et al., 2007, Katz et al., 
2010, Lisahunter et al., 2014). Although helpful in assessing long-term impacts (i.e. 
yearly) these measures are not sensitive to short-term academic progress (Bricker et 
al., 2003). Given that most active break interventions have been implemented over 
relatively short durations (6-weeks to 8-months) (Barnard et al., 2014, Katz et al., 
2010, Uhrich and Swalm, 2007), important intervention effects on academic 
achievement may have been missed.  One way of assessing academic achievement 
over the short-term is through curriculum-based measures (Deno, 1992). Curriculum-
based measures are commonly used by teachers to assess progress in key curriculum 
areas (e.g. mathematics and reading) over the short-term (Deno, 2003). These tools 
are sensitive to small changes in academic achievement, and can be administered 
frequently (e.g. weekly) (Deno, 1992), and therefore may be a more appropriate 
measure for intervention periods less than one year. It may be important for active 
break programs to demonstrate positive effects on academic achievement, especially 
in the areas of mathematics and language (e.g. reading), as these test results are often 
used for the evaluation of schools (Australian Curriculum Assessment and Reporting 
Authority, 2016).  
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Lastly, the majority of active break studies either did not measure intervention effects 
on physical activity, or used pedometer measures (Lisahunter et al., 2014), that do 
not provide an accurate measure of physical activity intensity. To the authors 
knowledge, only one active break study has used an objective measure of physical 
activity intensity to determine effects on moderate- to vigorous-intensity physical 
activity levels (Carlson et al., 2015). Results showed that students in classrooms 
where teachers reported implementing active breaks in the past week were more 
likely to obtain 30 minutes per day of moderate- to vigorous- intensity physical 
activity during the school day (OR=1.75; p=0.002) than children in classrooms 
where active breaks were not implemented (Carlson et al., 2015). However, that 
study measured physical activity on a sub-sample of participants only (Carlson et al., 
2015), thus results may not be generalizable to all children in the class.  The ACTI-
BREAK program was developed to address limitations in previous studies including 
lack of teacher involvement in the development phase, use of academic outcome 
assessment measures designed to assess long term change in short term interventions, 
and lack of objective physical activity measurement.   
 
6.3 AIMS 
The primary aim of this study is to assess the feasibility and potential efficacy of a 6-
week pilot classroom-based physical activity intervention (ACTI-BREAK program) 
on achievement in math and reading in children in years 3 and 4 (aged approximately 
8 to 10 years) attending primary (elementary) school in Melbourne, Australia. The 
impact of ACTI-BREAK on children’s on-task classroom behaviour and objectively 
measured school day physical activity levels will be explored as secondary aims. 
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6.4 METHODS 
STUDY DESIGN 
A pilot cluster randomised controlled trial will evaluate the ACTI-BREAK program 
compared with a waitlist control.  The design, conduct and reporting of the ACTI-
BREAK program will adhere to the Consolidation Standards of Reporting Trials 
(CONSORT) guidelines, and is guided by the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) statement. Additional file 1 
shows the completed SPIRIT checklist (see Additional File 1). Figure 1 provides an 
overview of the schedule for enrolment, interventions and assessments (See Figure 
6.1: SPIRIT Figure).  Principals, teachers and parents will need to provide written 
informed consent to participate in the study. Ethical approval has been attained from 
Deakin University Human Research Ethics Committee, Melbourne, Australia (2016-
020) and the Victorian Department of Education and Training (2016-002962).   
 Enrolment Allocation Baseline Intervention Close-out 
TIMEPOINT -t1 0 t1 t2 t3 
ENROLMENT: 
 
     
Informed 
consent X     
Allocation  X    
INTERVENTIONS:      
ACTI-BREAK      
ASSESSMENTS:      
Mathematics   X  X 
Reading   X  X 
Classroom 
behaviour 
  X X X 
Physical activity   X X X 
Figure 6.1: Schedule of enrolment, interventions and assessments 
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POWER CALCULATION 
The detectable difference, based on grade-based benchmarks for year 3 reading 
scores in the WARP (Wheldall and Madelaine, 2013) at mid-year, and twelve 
clusters (classes) per group, each with 9 students, is 23.55 points in reading 
achievement with power set to 80%.  Based on results from this study effect sizes 
will be generated to inform the sample size needed for a full scale trial. 
 
STUDY SETTING 
Government primary schools located within a 30km radius of Deakin University and 
with a Victorian Socio-Economic Indexes for Areas (SEIFA) Index of Relative 
Socio-Economic Advantage and Disadvantage deciles of 4, 5, or 6, representing 
middle socioeconomic position (SEP) will be invited to participate. Middle SEP 
Government schools were chosen for this study as children attending these schools 
represent a large number of primary school children in Australia, making results 
likely to be generalizable to a large number of schools and children.  Students 
attending Victorian Government schools spend approximately 6.5 hours per day at 
school (9am-3:30pm), and have a short recess/snack break (approx. 30 minutes) and 
a longer lunch break (approx. 1 hour).  The intervention will target year 3 and 4 
classes (aged approximately 8-10 years).  For schools to be eligible, they must have 
straight or composite years 3 and 4 classes. Schools where composite classes mixed 
year 3 and year 4 students with other grades (e.g. year 2/3 or year 4/5 composites) 
were not eligible.  Based on a 37% response rate (as demonstrated in a similar study 
conducted in the Australian school context (Carson et al., 2013)) and an average 
class size in Victorian schools of 23 students per class (Victorian Department of 
Education, 2017), we anticipate 9 students per class will consent to take part in this 
pilot study.  For feasibility reasons, the intention is to recruit 6 schools (3 
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intervention and 3 control) from which a sample size of 216 children is estimated (6 
schools x 4 classes (2 classes per year level) (Australian Bureau of Statistics, 2016) x 
9 students).   
 
RECRUITMENT OF SCHOOLS 
Principals from eligible schools will be invited to participate initially via email, and 
then contacted via telephone one week later.  A researcher (AW) will meet with all 
interested Principals to explain the requirements of study participation.  Principals 
who agree to their school participating in the study will be provided with a plain 
language statement and consent form to be signed and returned prior to participation.   
 
RECRUITMENT OF PARTICIPANTS 
Once consent is obtained from school Principals, written consent for participation 
will be obtained from teachers of years 3 and 4 classes.  Then, all year 3 and 4 
children at participating schools will be provided with an information pack 
containing a plain language statement and consent form to be given to their parents 
or guardians to provide consent for the child’s participation. As the school will have 
consented to the program being delivered to all year 3 and 4 children, and the 
program will be delivered by classroom teachers as part of their daily classroom 
activities, consent from parents will only be required for the evaluation components 
of the study.  Thus, all children in participating classes will join in the ACTI-
BREAKS, however data will only be collected from children with parent consent as 
part of the evaluation of ACTI-BREAKS. Further, so that no child feels excluded, all 
children in participating classes will be invited to participate. However, data from 
children with diagnosed behavioural or learning problems (e.g. ADHD) will be 
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excluded from analyses. The schools, teachers and children will not be paid to 
participate in the ACTI-BREAK program. 
 
Figure 6.2: Flow diagram of participants through the ACTI-BREAK study 
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RANDOMISATION 
Schools will be randomised at the school level (to avoid potential for contamination) 
to either the intervention or waitlist control group, prior to baseline assessments. The 
waitlist control group will be provided with the intervention materials after the final 
data collection period.  Randomisation will be carried out via computer generated 
random number sequence by a researcher who has no contact with the schools or 
participants.  As all schools will be from middle socioeconomic position areas within 
a similar geographical location, it is unlikely for there to be large differences in 
baseline characteristics, including academic achievement levels. Any differences 
between intervention and control groups will be by chance (Roberts and Torgerson, 
1999), and adjusted for in the analyses. 
 
6.5 INTERVENTION 
DEVELOPMENT 
The ACTI-BREAK program was informed by a review of the relevant literature and 
consultation with current primary school teachers. This study embeds the Capability, 
Opportunity, Motivation-Behaviour (COM-B) model (Michie S. et al., 2014), and is 
underpinned by Social Cognitive Theory (SCT) (Bandura, 1986) and the Ecological 
Model (EM) (see Table 6.1).  Nine teachers from schools demographically similar to 
intervention schools were interviewed about the feasibility of introducing regular 
active breaks into primary school classrooms. Of those teachers, most (n=6) had 
experience using active breaks in their classroom.  Topics covered included preferred 
duration, intensity and frequency of active breaks, as well as potential barriers and 
facilitators to implementation. Teachers considered frequent (multiple times per day), 
five minute active breaks feasible, and anything longer than 5 minutes was deemed 
unlikely to be adopted by teachers. Further, teachers preferred moderate intensity as 
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opposed to vigorous intensity active breaks, which they considered to be disruptive 
(due to students needing to get drinks and take off sweaters). Given this and the 
support for the role of moderate intensity active breaks for improving academic-
related outcomes in the literature (Altenburg et al., 2016, Janssen et al., 2014, Whitt-
Glover et al., 2011), the ACTI-BREAK activities were selected to be of moderate 
physical activity intensity. During the program development phase, teachers also 
communicated that it would be important to have a range of different active break 
activities from which they could select activities that best engaged their class and to 
allow for variety. Thus, the actual activities undertaken will differ by class, however, 
all activities are designed to be of moderate intensity.  An important element of the 
ACTI-BREAK program is that the activities do not require any set up and only use 
equipment already available in classrooms (e.g. music), as in the program 
development consultation teachers consistently expressed the need for active breaks 
to be quick and easy to adopt.  Lastly, teachers stated scheduling of ACTI-BREAKS 
will need to be determined by individual teachers due to variations in timetables 
across schools and classes (e.g. due to specialist subjects). 
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Table 6.1: Theoretical basis of the ACTI-BREAK program 
Constructs  Behaviour change technique Example in intervention 
During teacher training 
Individual   
Skills/capability  * Demonstration of behaviour  
 
 
 
 
* Practice behaviour 
* Provide feedback 
* During the teacher training session and 
assisted rollout phase the intervention 
teachers will be provided with 
demonstrations of a range of ACTI-
BREAK activities 
 
* Researcher assisted rollout during 
weeks one and two of the intervention 
Outcome 
expectations  
* Provide information  
 
* Teacher training session provides 
information on academic-related benefits 
of active breaks 
Support * Information about others’ 
approval  
 
* Share anonymous feedback from 
teachers who have used active breaks in 
their classroom obtained during the 
qualitative intervention development 
phase (teacher interviews) 
During intervention 
Individual 
Enjoyment 
(students) 
* Provide opportunities to 
participate in enjoyable physical 
activities  
 
* The ACTI-BREAK program provides a 
variety of different active break options 
for teachers and/or students to select from 
Goals  * Goal setting 
 
* Set goal to deliver 3 x 5 minute ACTI-
BREAKS per day.  
Monitoring * Self-monitoring of behaviour  * During visits to schools (to fit and 
collect activity monitors and carry out 
academic assessments), teachers will be 
prompted to complete the teacher log after 
each ACTI-BREAK 
Interpersonal   
Social support  * Provide general 
encouragement 
* During visits to schools to fit and 
collect activity monitors and carry out 
academic assessments 
Environmental    
Time * Minimising time barrier  
 
* All ACTI-BREAKS are quick and easy 
to implement  
Prompts * Prompts/cues * A log will be placed on the whiteboard 
to remind teachers to do ACTI-BREAKS, 
and teachers will ask students to hold 
them to account.  
* ACTI-BREAK activities will be printed 
on individual cards  
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THE ACTI-BREAK PROGRAM 
The ACTI-BREAK program will involve teachers implementing 5-minute active 
breaks, three times daily in their classrooms for 6 weeks, using activities adapted 
from a variety of sources (Active Academics, 2005-2016, GoNoodle, 2016, 
YouTube., 2016, Maher et al., 2006).  Permission to use and modify these activities 
was sought and attained from the authors (personal communication). The ACTI-
BREAK activities are age appropriate and include a variety (n=30) of active break 
options with suggested modifications for easier or more challenging activities. ACTI-
BREAK activities incorporate drama (e.g. jog on the spot as if a big scary bear is 
chasing you), games (e.g. musical chairs), following instructions (e.g. when the 
music stops, touch 10 chairs in a row), and technology/websites (e.g. GoNoodle and 
YouTube). Examples of ACTI-BREAK activities can be found in table 6.2.  A 6 
week trial was chosen for initial assessment of program feasibility based on 
pragmatic reasons as it allows the trial to be completed within a single school term 
(including teacher training and baseline assessments pre-trial, as well as teacher and 
student qualitative feedback post-trial). Further, the literature shows that intervention 
periods as short as 3 weeks may be sufficient duration to see benefit to academic-
related outcomes (Ma et al., 2014a, Ma et al., 2015). 
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Table 6.2: Example activities from the ACTI-BREAK program 
ACTI-BREAK Description  
I Wonder If…? The teacher says “I wonder if…? And the students 
respond, “What do you wonder?”  The teacher then 
specifies a movement and the students perform that 
movement until the teacher says “I wonder if…?” again.  
For example, “I wonder if students can walk backward 
without touching anyone or anything?” (Active 
Academics, 2005-2016). 
 
As If The teacher reads a sentence to the class, and students act 
out each sentence for 20 to 30 seconds, e.g. “jump in 
place as if you’re popcorn popping” (Maher et al., 2006). 
 
GoNoodle Guided 
Dancing 
Go to the GoNoodle website and select the “Guided 
Dancing” link, and select a video. Students follow along 
to the characters on the screen. Some options include 
“The Maxarena” (Macarena), “Happy” (from Despicable 
Me) and “The Continental Drift” (Sid shuffle) from Ice 
Age (GoNoodle, 2016). 
 
 
To improve adherence to intervention protocols, the intervention will be 
implemented using an assisted rollout. Week 1: a researcher (AW) and the classroom 
teacher will implement the ACTI-BREAKS together; week 2: the classroom teacher 
will implement the ACTI-BREAKS with the researcher observing and providing 
feedback; week 3 onwards: the classroom teacher will deliver the ACTI-BREAKS on 
their own with the researcher not present. The researcher will provided teachers with 
general encouragement and support during visits to schools to fit and collect activity 
monitors and carry out academic assessments. Further, teachers will be able to email 
or call the researchers at any time if they have concerns or require further support.  
 
TEACHER TRAINING SESSION 
At each intervention school, all teachers of years 3 and 4 will participate in a one-off 
45-minute face-to-face training session approximately one week prior to 
implementing the ACTI-BREAK program. The session will be conducted on school 
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grounds at a convenient time for teachers, and will be delivered by the researcher 
(AW) who is a qualified and experienced primary school teacher. The training 
session is designed to inspire and equip the teachers with the necessary skills and 
knowledge to be able to implement the ACTI-BREAK program in their classrooms. 
This training session will include a rationale for adding active breaks to the 
classroom routine, current research evidence highlighting the potential positive effect 
of active breaks on academic-related outcomes, explanation of the ACTI-BREAK 
program and what they are required to do, and demonstrations of a range of the 
ACTI-BREAK activities.  However, as the researcher will be delivering and 
observing the ACTI-BREAK program during the first 2 weeks of implementation, 
extensive demonstrations of the active break activities will not be provided during 
the training session. At the completion of the training session, teachers will be 
provided with intervention materials including the ACTI-BREAK program prompt 
cards, and classroom timers.   
 
6.6 PRIMARY OUTCOMES 
The primary outcome of academic achievement will be assessed using measures of 
reading and mathematical achievement. These assessments were chosen as the 
primary outcomes for this study as these are the two key pillars in which teachers and 
schools assess academic progress (Australian Curriculum Assessment and Reporting 
Authority, 2016). 
  
READING ACHIEVEMENT 
Reading achievement will be assessed using the Wheldall Assessment of Reading 
Passages (WARP) Test (Wheldall and Madelaine, 2013). This curriculum-based 
measure, designed for the Australian school context, is designed to track reading 
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fluency of students in years 2 to 5, and involves children reading for 1-minute from a 
200 word passage (Wheldall and Madelaine, 2013).  The number of words read 
correctly in that minute is a measure of the student’s level of reading fluency 
(Wheldall and Madelaine, 2013).  Reading fluency has been shown to be a powerful 
predictor of reading performance, with meta-analytic results showing a strong 
correlation between curriculum-based measures of reading fluency and other 
standardised tests of reading performance (r=0.67) (Reschly et al., 2009).  The 
WARP Test includes a set of 3 initial assessment passages and a set of 10 progress 
monitoring passages (Wheldall and Madelaine, 2013). On advice from the instrument 
author (personal communication), the progress monitoring passages were chosen for 
the current study, as they can be expected to be sensitive to change over the 6-week 
intervention period. The 10 progress-monitoring passages correlate very highly to 
each other in terms of reading difficulty (r=0.95-0.98) (Wheldall and Madelaine, 
2006).  Thus, to eliminate potential learning effects, a different passage will be 
administered at baseline and end intervention, and were chosen based on advice from 
the author (personal communication).   A researcher with a primary school teaching 
qualification and experience will administer this test individually to each student 
with parent consent, at baseline and during the final week (week 6) of intervention.  
 
MATHEMATICS ACHIEVEMENT 
Achievement in mathematics will be assessed using the One Minute Tests of Basic 
Number Facts, reproduced with permission from the Australian Council for 
Educational Research (Westwood, 2000). This tool consists of four One Minute 
Basic Number Facts Tests (Westwood, 2000), and is designed for the Australian 
school context. Each test has 33 items that focus on one of each of the following 
number operations: addition, subtraction, multiplication and division (Westwood, 
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2000). This test has good test-retest reliability (0.88 to 0.94 depending on age level) 
(Westwood, 2000). To ensure alignment with the year 3 and 4 curriculum early in the 
school year, and therefore potential to observe improvement, the subtraction test was 
chosen for this study. The addition test was not chosen due to the potential for ceiling 
effects, and thus limited potential to observe improvement. A researcher with a 
primary school teaching qualification and experience will administer this test to the 
whole class at baseline and end (week 6) of intervention. Only data from students 
with parent consent will be used in the analyses. To accommodate class availability 
(e.g. due to specialist subjects) the reading and mathematics assessments will be 
carried out at a time that suits each classroom teacher. 
 
6.7 SECONDARY OUTCOMES 
ON-TASK CLASSROOM BEHAVIOUR 
Information will be collected on student on-task classroom behaviour at the 
individual level for those students with parent consent, and at the whole class level 
(no identifying information will be retained). As classroom behaviour can vary as a 
function of time of day, each class teacher will be required to record all observations 
of classroom behaviour at a consistent time each day.  However, due to differing 
timetables across classes and schools, it will not be possible to for all teachers to 
record behaviour observations at the same time of day.  
 
Teachers at intervention and control schools will be required to observe behaviour 
during a 10-minute observation period during a seated lesson at 3 time points at 
baseline and again at the end (week 6) of the intervention.  In addition to baseline 
and end of intervention observations of behaviour, teachers at intervention schools 
will be required to record observations of behaviour during a 10-minute observation 
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period immediately before and immediately after participation in an ACTI-BREAK 
at three time points during week 3 of the intervention. This pre-post measure will 
enable the acute effect of active breaks on classroom behaviour to be explored. 
Teachers will record observations of individual and group classroom-behaviour 
simultaneously in order to limit the number of times teachers will be required to 
record observations. Teachers will be given a record sheet with student names pre-
filled, and each observation takes only a few seconds to complete. Given this, and as 
teachers continually monitor classroom behaviour as part of their daily routine, this 
approach is considered feasible. Lastly, teacher-reports of classroom behaviour as 
reported in a similar previous study were shown to be reliable (alpha=0.85) (Carlson 
et al., 2015), however to the authors’ knowledge only one previous study has used 
such measures. Nonetheless, although the same class teachers who deliver the 
intervention will also record observations of behaviour, risk of bias is expected to be 
minimal.   
 
Classroom behaviour at the individual level will be measured by teachers using a tool 
adopted from the Direct Behaviour Rating Scale (Chafouleas et al., 2013). The Direct 
Behaviour Rating Scale is a hybrid of direct observation and behaviour rating scales. 
This observation tool requires teachers to indicate for each child, on a scale from 1 
(0%) to 10 (100%), the percentage of time they are on-task, referred to as 
academically engaged in this tool (i.e. listening to the teacher, writing, looking at 
instructional materials, etc.) during the observation period. This tool provides a valid 
measure of classroom behaviour, when compared with direct observation (r = 0.81 to 
0.87) (Riley-Tillman et al., 2008). Further, this tool has evidence of reliability 
(r=0.91) based on data from 617 primary school students obtained from 44 classroom 
teachers (Chafouleas et al., 2013). 
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Behaviour at the whole class level will be measured using a modified version of the 
Classroom Behaviour and Assets Survey-Teacher, which is designed to efficiently 
provide a snapshot of the teacher’s perception of the behaviour of a whole class of 
students (Lee et al., 2009).  Teachers will be required to indicate the proportion of 
the class displaying on-task behaviour (as defined in the individual behaviour 
assessment tool), during the observation period.   Response options include: 0 (0 
students), 1 (1–2 students), 2 (a few students), 3 (about ¼ of the class), 4 (about ½ of 
the class), 5 (about ¾ of the class), 6 (most of the class), and 7 (all of the class) (Lee 
et al., 2009).  Although few tools are available for assessing classroom behaviour at 
the classroom level, and information on reliability and validity is lacking, a modified 
version of this tool has been used in a similar study, with evidence of reliability 
(alpha=0.85) (Carlson et al., 2015).   
 
PHYSICAL ACTIVITY 
Waist-worn ActiGraph GT3-X accelerometers (children with parent consent) will be 
used to provide an objective measure of children’s moderate- to vigorous- intensity 
physical activity across the school day. The ActiGraph accelerometer is commonly 
used in studies involving children (Rowlands, 2007) and has documented evidence of 
validity and reliability for measuring children’s physical activity (Trost et al., 1998).  
Accelerometers will be worn during waking hours for 7 consecutive days at baseline, 
mid-intervention (intervention group only) and end (week 6) of the intervention 
period.  Measures will be taken in the last week of the intervention, rather than post 
intervention as the intervention is intended to have acute effects.  
 
The accelerometers will be distributed and collected from the child's school at the 
beginning and end of each 7 day wear period. The researcher will explain about, and 
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fit the monitors to children with parent consent and provide children with an 
information leaflet to take home to their parents explaining when and how the 
monitor should be worn and care instructions. Participants’ physical activity will be 
included for analysis if they wear the accelerometer for at least five school hours on 
at least one school day, as used in similar studies, involving physically active lessons 
(Riley et al., 2015b). Freedson cut-points will be used to classify physical activity as 
moderate- to vigorous- intensity (Freedson et al., 2005). These cut-points have been 
shown to accurately classify children’s moderate- to vigorous- intensity physical 
activity (ROC-AUC=0.90) (Trost et al., 2011).  Data will be collected in 15-second 
epochs [35] and non-wear time will be defined at 20 minutes of consecutive zero’s, 
as commonly used in studies involving children [36]. 
 
6.8 INTERVENTION FIDELITY 
To assess fidelity of implementation children will wear accelerometers mid-way 
through the intervention (week 3) as well as during the final week of the intervention 
period (week 6).  Furthermore, teachers will complete a log of the ACTI-BREAKS 
they complete over the intervention period.  The researcher (AW) will collect these 
at the end of every week to ensure teacher fidelity throughout the study.  
Accelerometer data will be compared with teacher logs of ACTI-BREAKS 
completed at week 3, and week 6 of the intervention to verify that students were 
physically active at a moderate- intensity for the 5-minute ACTI-BREAK duration. 
 
6.9 PROCESS EVALUATION 
Subjective evaluations of intervention components will also be provided by students 
and teachers throughout the intervention. During each of weeks 1, 3 and 6 of the 
intervention, students will be asked to rate 3 different ACTI-BREAK activities 
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(decided by the classroom teacher), immediately following participation using a 4-
point Likert scale ranging from ‘I hated it’ = 1 to ‘I loved it’ = 4. Upon competition 
of the 6-week program, students will be asked to complete a questionnaire to rate 
how they feel about the ACTI-BREAK activities using a 4-point Likert scale with 
responses ranging from ‘strongly disagree’ = 1 to ‘strongly agree’ = 4 in the areas of 
(1) enjoyment; (2) effect on learning and behaviour; (3) ability to do the activities, 
and (4) preferred duration, intensity and frequency of activities.  For example, “I 
enjoyed the ACTI-BREAK program” and “I found it easier to concentrate after doing 
ACTI-BREAK activities.”  Students will also have the opportunity to provide 
additional feedback on the following open ended questions “What did you like about 
the ACTI-BREAK program?” and “Was there anything you didn’t like about the 
ACTI-BREAK program?” 
 
Post intervention focus groups will also be conducted with students, facilitated by the 
researcher. The focus groups will be recorded and later transcribed, with participant 
consent. Specifically, the questions asked will be designed to provide a more in-
depth insight into topics covered in the questionnaire. For example, students will 
write down the names of two of their favourite, and two of their least favourite 
ACTI-BREAK activities, and then explain what they liked/did not like about the 
particular ACTI-BREAK, and what they would change.  
 
A one-on-one 30 to 45 minute phone interview will be conducted with the teachers 
involved in the intervention group, after program completion. The researcher will 
conduct these interviews, which will be recorded and transcribed. The interviews 
with teachers will be designed to identify barriers and facilitators to implementation 
of ACTI-BREAKS, as well as strengths and weaknesses of the program.  The 
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following types of questions will be asked, for example: “Were there any ACTI-
BREAKS you thought worked particularly well/didn’t work particularly well?” “Was 
there anything that made it difficult for you/helped you to use the ACTI-BREAK 
program?”  
 
6.10 DATA ANALYSIS 
All statistical analysis will be conducted using Stata 14.0. Multilevel mixed-effects 
linear regression models will be used to assess the impact of group (intervention vs. 
control) on achievement scores in reading and mathematics, mean per cent of time in 
on-task behaviour, and physical activity level at the end of the intervention, each 
adjusted for baseline levels of the corresponding variable and clustering by class. All 
analyses will control for physical activity levels at baseline. The fixed effect of 
school will be added to the model to account for the unit of randomisation.  All 
analyses will be stratified by sex. Alpha levels will be set at p<0.05. As this is a pilot 
study, the intervention will not be adequately powered to detect small changes 
between groups. Instead, trends in associations will be investigated. Analyses will be 
conducted both on the intention-to-treat approach, and per protocol analysis (using 
data from fidelity checks).   
 
Process evaluation data from focus groups and interviews will be analysed using 
Braun and Clarke’s six phases of thematic analysis (Braun and Clarke, 2006). Codes 
will be generated, and continually revised throughout the analysis process. Following 
coding of the transcripts, themes will be identified and defined. These data, along 
with data obtained from student enjoyment and satisfaction questionnaires will 
provide information that can be used to improve the program for future testing.  
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6.11 DISCUSSION 
The primary aim of this study is to examine the potential efficacy of a classroom-
based physical activity program known as ACTI-BREAK on children’s achievement 
in math and reading. The impact of ACTI-BREAK on children’s on-task behaviour 
and objectively measured school day physical activity levels will be explored as 
secondary aims. Given the program is designed to be delivered by trained classroom 
teachers in the ‘real world’ context, assessment of feasibility and fidelity will be a 
key feature of the pilot study. 
 
A strength of this intervention is that it was developed with input and guidance from 
current primary school teachers to limit discrepancy between evidence and practice 
observed in previous studies (Erwin et al., 2012b).  For example, our interviews with 
teachers indicated that anything longer than 5 minutes would be unlikely to be 
adopted.  Many existing active break programs require active break durations of 
between 10 and 15 minutes (Hill et al., 2010, Hill et al., 2011, Janssen et al., 2014, 
Whitt-Glover et al., 2011, Wilson et al., 2015).  However, longer duration active 
breaks may be unlikely to be feasible beyond the study setting (Gately et al., 2013). 
 
An additional strength of this study is the use of a curriculum-based measure to 
assess reading and math achievement. These tools are sensitive to small changes in 
academic achievement, and can be administered frequently (e.g. weekly) (Madelaine 
and Wheldall, 1998, Madelaine and Wheldall, 2002). Many existing studies have had 
short intervention periods (less than one year) and used standardised tests to assess 
intervention effects on academic achievement (Ahamed et al., 2007, Katz et al., 
2010). These tests are designed to be administered at least 1-year apart (Bricker et 
al., 2003), and therefore important intervention effects on academic achievement are 
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unlikely to be observed.  The use of a curriculum-based measure in the current study 
provides a more suitable measure of academic achievement for the 6-week 
intervention period, making short-term progress in academic achievement more 
likely to be observed.   
 
In addition to choice of academic outcome measure, the use of an objective measure 
of physical activity intensity and cluster randomised controlled trial study design are 
further strengths of this study. To the author’s knowledge, one previous active break 
intervention has used an objective measure of physical activity intensity (Carlson et 
al., 2015).  However, that study relied on teacher reports of active break 
implementation in the past week (to compare physical activity levels of implementers 
vs. non implementers) and intervention effects on physical activity levels were 
assessed on a sub-sample of participants only (Carlson et al., 2015).  Nonetheless, 
results from that study highlight the potential for active breaks to contribute to 
increased physical activity across the school day (Carlson et al., 2015).   
 
Results from this study will provide insight into the feasibility of introducing 
frequent, short moderate- intensity active breaks into classroom routines, given 
potential challenges in their application. Further, this study will explore whether this 
approach will provide enhanced benefits on academic-related outcomes, compared 
with breaks in sitting time. 
 
6.12 LIMITATIONS 
Given that some of the teachers who participated in the intervention development 
referred to using active breaks in their classrooms previously, it is possible that some 
teachers in the control schools may also do active breaks in their classrooms. 
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However, teachers in the intervention development mainly referred to ad-hoc 
stretches and coordinative exercises (e.g. Brain Gym), thus any active break 
activities conducted by teachers in control schools are not likely to be as frequent or 
intense as those prescribed in the ACTI-BREAK program.  A further potential 
limitation relates to the use of teacher-reported observations of classroom behaviour. 
These observations will be recorded by the same teachers who will be delivering the 
intervention and thus have potential for bias. However, to the authors’ knowledge, 
only one previous study has used such measures which were shown to be reliable 
(alpha=0.85) (Carlson et al., 2015).  
 
6.13 CONCLUSIONS 
This study has the potential to enhance key educational outcomes (e.g. reading and 
mathematics achievement), which may encourage teachers and school administrators 
to provide more opportunities for children to be active at school through 
incorporating short active breaks into the classroom routine. The ACTI-BREAK 
program has been designed to be a time-efficient, feasible and appealing approach to 
physical activity promotion in schools. This study will assess required teacher time 
commitment, the potential for the ACTI-BREAK program to improve academic-
related outcomes and physical activity levels, and its acceptability to teachers and 
students, with the potential for a full-scale efficacy trial in the future. 
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CHAPTER 7. A PILOT PRIMARY SCHOOL ACTIVE 
BREAK PROGRAM (ACTI-BREAK): EFFECTS ON 
ACADEMIC AND PHYSICAL ACTIVITY OUTCOMES 
FOR STUDENTS IN YEARS 3 AND 4 
 
7.1 PREFACE 
Chapter 6 described the development, rationale and protocol for a pilot randomised 
controlled trial (RCT) to test the feasibility, fidelity and efficacy of the ACTI-
BREAK program, designed to improve academic-related and physical activity 
outcomes. Three hundred and seventy four children (74% response) attending year 3 
and 4 classes in six primary schools across metropolitan Melbourne, Victoria were 
recruited to pilot the ACTI-BREAK program. The primary outcome of the trial was 
academic achievement in mathematics and reading.  Secondary outcomes were 
classroom on-task behaviour and objectively-measured school day physical activity.  
Primary and secondary outcomes are described in this chapter. Feasibility was 
assessed through process evaluation and is described in chapter 8.  This chapter 
addresses Aim 4 (To test the potential efficacy, fidelity and feasibility of that 
classroom-based physical activity intervention [ACTI-BREAK] for improving 
academic and physical activity-related outcomes). The text from this chapter was 
prepared in accordance with the CONSORT guidelines and has been published in the 
Journal of Science and Medicine in Sport as:  
Watson A, Timperio A, Brown H, Hesketh KD. A pilot primary school active break 
program (ACTI-BREAK): effects on academic and physical activity outcomes for 
students in Years 3 and 4. Journal of Science and Medicine in Sport, In Press. 
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7.2 INTRODUCTION 
Multiple health benefits can be attained when children participate in physical activity 
(Okely T et al., 2012), including improving children’s academic achievement and 
classroom behaviour (Marques et al., 2017, Sibley BA and Etnier JL, 2003) via 
potential cognitive benefits. It has been proposed that physical activity increases 
availability of brain derived neurotrophic factor (BDNF) (Cotman et al., 2007) which 
has been linked to improved cognitive function in children (Hotting and Roder, 
2013) which may lead to enhanced classroom behaviour and academic achievement 
(Howie and Pate, 2012).  Despite these potential benefits, less than 20% of children 
meet the physical activity guidelines of 60 minutes/day of moderate- to vigorous-
intensity physical activity (MVPA), with compliance rates decreasing with 
increasing age (Active Healthy Kids Canada, 2016, Active Healthy Kids Australia, 
2016). This low level may have important implications for health and academic-
related outcomes.   
 
Although schools are ideal settings for the promotion of physical activity, adding 
physical activity to the school day can be difficult. Time constraints are often found 
to be major barriers to implementing school-based physical activity (Naylor et al., 
2015) often due to curriculum demands in key learning areas (McMullen et al., 2014) 
and associated academic accountability pressure (Center on Education Policy, 2007). 
Time-efficient physical activity promotion strategies that benefit academic outcomes 
are needed.  Short bursts of physical activity done in the classroom as a break from 
learning tasks (active breaks) (Ma et al., 2015) may provide such a solution.  
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Previous studies have shown that active breaks improved children’s cognitive 
function (Ma et al., 2015), classroom behaviour (Howie et al., 2014a) and academic 
achievement (Howie et al., 2015). However, existing active break programs have 
limitations restricting their translation potential. Many stipulate active breaks of 10-
15 minutes (Watson et al., 2017a). However, teachers indicate they prefer short 
active breaks (≤5-minutes) to limit time away from academic pursuits (Howie et al., 
2014b). This discrepancy between evidence and practice highlights the importance of 
involving teachers in the development phase to maximise feasibility and 
sustainability of such programs outside of the research context. In addition, most 
previous interventions were implemented by researchers rather than teachers 
(Watson et al., 2017a).   
 
While active breaks of at least 10-minutes have been shown to be effective for 
improving academic-related outcomes, few studies have investigated the effect of 
shorter active breaks (Ma et al., 2015, Howie et al., 2014a, Howie et al., 2015, Ma et 
al., 2014b). Four-minute vigorous- intensity breaks (e.g. jumping jacks) have been 
shown to be effective (Ma et al., 2015, Ma et al., 2014b), while 5-minute moderate- 
to vigorous- intensity active breaks (e.g. marching, jumping and running in place) 
were not, for improving academic-related outcomes (Howie et al., 2014a, Howie et 
al., 2015), suggesting that short active breaks need to be of a vigorous-intensity to 
elicit academic benefit. However, this approach may not be feasible. Teachers view 
vigorous- intensity active breaks as disruptive (e.g. as students removed jumpers and 
needed drinks) and frequent (multiple times daily) short moderate-intensity active 
breaks to be feasible (Watson et al., 2017b). A recent study suggests that frequent 
active breaks hold promise. In that study, selective attention scores (measured via the 
‘SkySearch’ subtest of the ‘Test of Selective Attention in Children’) (Manly et al., 
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2001a) were better among children who participated in two compared to one 20-
minute active break per day (Altenburg et al., 2016). While it is possible this result is 
due to the higher dose of physical activity, investigation of frequent shorter active 
breaks is warranted given they may be more feasible.  
 
A further limitation of previous studies relates to choice of academic outcome 
measure. Most used standardised tests to assess short duration (6-weeks to 8-months) 
intervention effects on academic achievement (Watson et al., 2017a). However, 
standardised tests are designed to assess long-term (i.e. yearly) impacts and may miss 
short-term changes. Curriculum-based measures, in contrast, are sensitive to small 
changes in academic achievement, and can be administered frequently (e.g. weekly) 
(Deno, 2003). In addition, sex differences in outcomes of active break interventions 
are rarely reported (Howie et al., 2014a, Howie et al., 2015) but indicate important 
differences in on-task behaviour (better among girls) following 5 minute active 
breaks (Howie et al., 2014a) and mathematics performance (improvements for girls 
but not boys) following 10 and 20 minute active breaks (Howie et al., 2015). Lastly, 
objective measures have rarely been used to determine intervention effects on MVPA 
(Watson et al., 2017a). Students in classrooms with active breaks had 3.14 
minutes/day more MVPA than children in control classrooms (Carlson et al., 2015), 
highlighting the potential for active breaks to contribute to overall physical activity 
and the need for sensitive measures of physical activity.  
 
The ACTI-BREAK program was designed to address limitations associated with 
existing programs by: (1) involving teachers in the development phase; (2) using 
appropriate measures of academic achievement to assess short-term interventions; 
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and (3) objectively measuring physical activity.  The primary aim of this study was 
to assess the potential efficacy of the ACTI-BREAK program for improving 
academic achievement in mathematics and reading among primary school students.  
Secondary aims were to assess intervention effects on classroom on-task behaviour 
and objectively-measured school day physical activity. 
 
7.3 METHODS 
The design, conduct and reporting of the ACTI-BREAK study adhered to the 
Consolidated Standards of Reporting Trials (CONSORT) guidelines for pilot cluster 
randomised controlled trials, and is guided by the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) statement.  Ethical approval 
was attained from Deakin University Human Research Ethics Committee, 
Melbourne, Australia (2016-020) and the Victorian Department of Education and 
Training (2016-002962). Principals, teachers and parents provided written informed 
consent to participate in the study, which took place during Terms 1 and 2 (February-
June 2017).  The study is registered with the Australia New Zealand Clinical Trials 
Registry (identifier ACTRN12617000602325).  
 
Briefly, the study design involved a pilot cluster randomised controlled trial. Schools 
were randomised to either the ACTI-BREAK intervention or wait-list control group 
after enrolment in the study and prior to baseline measures. Baseline assessment 
occurred after randomisation for logistical reasons (e.g. so teacher training sessions 
and intervention commencement could coincide with the collection of activity 
monitors). Allocation concealment was carried out by a researcher not involved with 
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schools or participants, using a computer generated random number sequence. 
Participants, teachers and research staff were not blinded to study outcomes.  
 
The intervention targeted year 3 and 4 classes (aged approximately 8-10 years).  
Twenty-one Government primary schools located within a 30km radius of Deakin 
University with a middle socioeconomic position (4th to 6th decile of Socio-Economic 
Indexes for Areas (SEIFA) Index of Relative Socio-Economic Advantage and 
Disadvantage in Victoria) were invited to participate. For feasibility reasons, the aim 
was to recruit 6 schools.  Schools where composite classes mixed year 3 or year 4 
students with other grades (e.g. year 2/3 or year 4/5 composites) were not eligible.  
All children in classes randomised into the intervention group received the ACTI-
BREAKS, however data was only collected from children with parent consent. Data 
from children with diagnosed behavioural or learning problems (e.g. ADHD, Autism, 
etc.), as reported by classroom teachers, were excluded from analyses (n=27).  
 
Detailed information about the ACTI-BREAK program and teacher training has been 
published previously (Watson et al., 2017b). Briefly, following a 45-minute training 
session, teachers implemented 5-minute moderate- intensity active breaks, three 
times daily in their classrooms for 6 weeks. The ACTI-BREAK activities 
incorporated a variety of elements including: drama, games, following instructions, 
and technology, adapted (with written permission) from a range of sources (Active 
Academics, 2005-2016, GoNoodle, 2016, YouTube., 2016, Maher et al., 2006). For 
example: (1) Elbow chair: students move around the classroom as the music plays. 
When the music stops, the teacher calls out a body part and the students return to 
their chair and place the selected body part on their chair. The music starts again and 
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play continues; (2) Over, Under, Around, and Through: Students go over, under, 
around and through real and imaginary objects as directed by their teacher.  
 
Instructions for each of the ACTI-BREAK activities (n=30) were presented on small 
task cards, and teachers completed a log of the ACTI-BREAKS completed over the 
intervention period. Scheduling of ACTI-BREAKS was left to teacher discretion, 
consistent with teacher preferences in the development phase. Teachers at control 
schools continued with their usual teaching practices.  To increase adherence to study 
protocols, the ACTI-BREAK program was implemented via assisted roll-out: in 
week one the teacher and researcher implemented ACTI-BREAKS together; in week 
two, teachers implemented ACTI-BREAKS with the researcher observing and 
providing support and encouragement; and from week 3 teachers delivered ACTI-
BREAKS independently without the researcher present.   
 
Intervention assessments were taken at baseline (week prior to intervention 
commencement) and end-intervention (week 6).  The primary outcome was academic 
achievement in reading and mathematics. Reading achievement was assessed using 
the Wheldall Assessment of Reading Passages (WARP) Test (Wheldall and 
Madelaine, 2013). The WARP is a curriculum-based measure designed to track 
reading fluency of children in years 2 to 5, and is developed for the Australian school 
context (Wheldall and Madelaine, 2013). This test requires children to read aloud for 
1-minute from a 200-word passage. Following a standardised protocol (Wheldall and 
Madelaine, 2013) the assessor tallies words read incorrectly and subtracts these from 
200 (or the total words read) to provide a measure of reading fluency. Curriculum-
based measures of reading fluency have been shown to correlate with other 
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standardised tests of reading performance (r=0.67) (Reschly et al., 2009). A member 
of the research team (AW) with a primary school teaching qualification and 
experience administered this test individually to each participant at baseline (1-week 
prior to intervention) and during the final week (week 6) of the intervention. 
Mathematics achievement was assessed using the Westwood One Minute Tests of 
Basic Number Facts (Westwood, 2000). This test is developed for use within the 
Australian school context, and consists of four 1-minute tests (33 items each), each 
focusing on one of each of the following number operations: addition, subtraction, 
multiplication and division. The number of problems completed correctly in 1-
minute is a measure of the student’s mathematics achievement. This test has good 
test-retest reliability (0.88 to 0.94 depending on age) (Westwood, 2000). The 
subtraction test was chosen for this study to ensure alignment with the year 3 and 4 
Term 1-2 curriculum (Victorian Assessment and Reporting Authority, 2018). 
Children experience multiplication and division in the latter half of the school year 
and an addition test would have the potential for ceiling effects.  A member of the 
research team (AW) with a primary school teaching qualification administered this 
test to the whole class as baseline (1-week prior to intervention) and end (week 6) of 
intervention. Only data from children with parent consent were used in analyses. The 
reading and mathematics assessments were conducted at a time that suited each 
classroom teacher. 
 
Classroom behaviour was assessed at the individual level using a tool adapted from 
the Direct Behaviour Rating Scale; a hybrid of direct observation and behaviour 
rating scales (Chafouleas et al., 2013). Using this tool, classroom teachers indicated 
on a scale from 1 to 10 (0-100%), the percentage of time each child (with parent 
consent) was on-task during the observation period. Behaviour at the whole class 
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level (no identifying information was collected) was assessed using modified version 
of the Classroom Behaviour and Assets Survey-Teacher (Lee et al., 2009).  Using 
this tool, teachers indicated the proportion of the class displaying on-task behaviour 
during the observation period on a scale from 0 (0 students) to 7 (all of the class) 
(Lee et al., 2009). Group and individual behaviour was assessed simultaneously as 
these assessments take only a few seconds and are similar to standard monitoring 
teachers do routinely. Teachers were required to record observations of classroom 
behaviour during a seated lesson (i.e. while seated at desks) for 3 time-points on 
three separate days over the course of a week (e.g. on a Monday, Wednesday and 
Friday) at baseline (the week prior to intervention) and again in the final week of the 
intervention. Due to variation in schedules across classes, teachers chose the time of 
the behaviour observations but ensured all observations for their class were 
conducted at the same time each day (e.g. 11am) at least 30 minutes after doing an 
ACTI-BREAK for consistency and to ensure sustained rather than acute effects were 
captured.  Teacher reports of behaviour using similar methods have previously been 
shown to be reliable (alpha=0.85) (Carlson et al., 2015).  This tool provides a valid 
measure of classroom behaviour compared with direct observation (r=0.81 to 0.87) 
(Riley-Tillman et al., 2008), and has strong evidence of reliability (r=0.91) 
(Chafouleas et al., 2013). Data were included for analyses if teachers had recorded at 
least two observations at both baseline and end of intervention.   
 
Waist-worn ActiGraph GT3-X accelerometers were used to provide a valid and 
reliable measure of children’s school day physical activity (Trost et al., 1998). 
Participants wore accelerometers during waking hours for 7 consecutive days at 
baseline and the final week of the intervention. The recording epoch for this study 
was 15-seconds (Bailey et al., 1995) and non-wear time defined as ≥20 minutes of 
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consecutive zero’s (Cain et al., 2013). Data were included if the accelerometer was 
worn for ≥5 school hours on ≥1 school day, similar to previous studies (Riley et al., 
2015b). Participants had an average of 3.30 (SD=1.27) valid days at baseline and 
3.09 (SD=1.44) valid days at intervention end. ‘Freedson’ cut-points were used to 
provide an accurate classification of MVPA (≥555 counts per 15sec; ROC-
AUC=0.90) (Trost et al., 2011, Freedson et al., 2005). Physical activity across the 
whole school day was examined to allow for exploration of potential compensation 
during recess and outside school.  
 
Statistical analyses of primary and secondary outcomes were conducted using Stata 
14 and alpha levels set to p<0.05. Multilevel mixed-effects linear regression models 
were used to assess the impact of treatment (ACTI-BREAK or control) on reading 
and mathematics achievement, on-task behaviour, and MVPA on school days. The 
models were adjusted for baseline levels of the corresponding variable, baseline 
physical activity, and clustering by class. The fixed effect of school was added to the 
model to account for the unit of randomisation.  All analyses were completed on the 
whole sample, and also stratified by sex. Analyses were conducted using an 
intention-to-treat (ITT) approach, and repeated per protocol. Per protocol was 
defined as completion of ≥2 ACTI-BREAKS on ≥70% of days, based on teacher 
logs. This threshold represents an approximate median split (≥2 ACTI-BREAKS 
were completed by three teachers on 43-53% of days and four teachers on 73-80% of 
days.   
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7.4 RESULTS 
The flow of participants through the trial is reported in Figure 7.1. From the six 
schools, informed consent was obtained from 374 children (74% response). Six 
participants withdrew consent during baseline citing not wanting to wear the activity 
monitor (n=5) and family illness (n=1), and 27 students were excluded from analyses 
due to diagnosed behaviour or learning problems (teacher-reported), resulting in a 
final sample of 341 participants. Table 7.1 displays baseline demographic 
information.  
 
Figure 7.1: Flow of participants through the ACTI-BREAK study 
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Table 7.1: Baseline characteristics of students randomised to the intervention 
and control groups 
 Intervention (n=123) Control (n=218) 
Male 50% 46% 
Age; years mean (SD) 9.22 (0.61) 9.07 (0.63) 
Grade 3  44% 50% 
Math scores; mean (SD)a 16.26 (7.09) 12.93 (6.34) 
Reading scores; mean (SD) 122.54 (40.14) 109.58 (39.60) 
%  time in on-task behaviour  78 (15.86) 70 (15.84) 
Minutes spent in MVPA 
(school hours) 35.41 (11.74) 34.40 (11.24) 
aThe age-based norm for mathematics scores at age 9 years is 13. 
bThe grade-based benchmarks for reading scores is 93 for Year 3 students, and 121 for Year 4 
students. 
 
Table 7.2 shows the intervention effects on academic and physical activity outcomes. 
Results showed on-task behaviour at the individual level increased in the intervention 
group, with larger improvements observed for boys. However, there was no 
intervention effect on on-task classroom behaviour at the group level (B=0.30 
(95%CI:-0.18,078).  No intervention effects were found for mathematics, reading or 
physical activity across the school day.  Three classes, from two intervention schools, 
were excluded from per protocol analyses. Included classes completed 22 (n=1 class) 
and 24 (n=3 classes) of the 30 required ACTI-BREAKS. Results for per protocol 
analyses demonstrated identical patterns to ITT analyses. 
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Table 7.2: Intervention effects of the ACTI-BREAK program 
Outcome Total B (95%  CI) 
Boys 
B (95%  CI) 
Girls 
B (95%  CI) 
ITT analysis    
Reading  
(n=311) -0.13 (-8.08,7.81) -2.23 (-12.17,7.71) 0.88 (-10.95,12.71) 
Math  
(n=312) 1.86 (-0.01,3.73) 2.57 (-0.12,5.25) 1.41 (-1.18,4.00) 
On-task behaviour 
(n=226) 16.17 (6.58,25.76)* 21.42 (10.34,32.49)* 12.23 (1.52,22.92)* 
MVPA (school hours) 
(n=289) 1.26 (-3.78,6.30) 3.35 (-5.48,12.17) -1.60 (-7.72,4.52) 
PP analysis    
Reading 
(n=264) 5.32 (-0.07,10.71) 4.29 (-2.57,11.16) 7.40 (-0.81,15.61) 
Math 
(n=265) -0.34 (-1.74,1.05) -0.11 (-1.99,1.76) -0.77 (-2.86,1.33) 
Classroom behaviour 
(n=216) 17.40 (6.67,28.14)* 21.94 (10.90,32.97)* 12.14 (1.11,23.16)* 
MVPA (school hours) 
(n=254) -0.20 (-3.40,2.99) 1.64 (-4.42,7.69) -1.43 (-5.30,2.44) 
*p<0.05 
Adjusted for baseline levels of the corresponding variable, baseline physical activity, and clustering 
by class. 
 
7.5 DISCUSSION  
This is one of the first studies to investigate the impact of frequent, short active 
breaks on academic and physical activity outcomes.  While no intervention effects 
were found for the primary outcomes of reading or math achievement, analyses of 
secondary outcomes showed short active breaks improved on-task classroom 
behaviour at the individual level, with larger improvements observed for boys than 
girls. However, there was no intervention effect on classroom behaviour at the whole 
class level, or physical activity across the school day. 
 
While no intervention effect was found for classroom behaviour at the whole class 
level, results showed classroom behaviour improved at the individual level, 
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particularly for boys. This suggests that active breaks may affect classroom 
behaviour differently for different students.  The positive effects of active breaks on 
on-task behaviour are consistent with results from studies using longer active breaks 
(Carlson et al., 2015, Whitt-Glover et al., 2011). However, longer active breaks may 
not be feasible outside of the research context due to time constraints within busy 
classroom schedules and briefer sessions may be more likely to be adopted by 
teachers (Howie et al., 2014b). The two prior studies that investigated effects of 
shorter (5-minute) active breaks on classroom behaviour reported inconsistent 
results. Howie et al. (2014a) showed 5-minute moderate- to vigorous- intensity active 
breaks performed once daily had no effect on on-task classroom behaviour. In 
contrast, Ma et al. (2014a) reported 4-minute vigorous- intensity active breaks 
performed once daily reduced off-task classroom behaviour.  The results of the 
current study lend support for the potential benefit of short duration active breaks on 
classroom behaviour.  
 
It is possible that teachers would consider longer duration active breaks more 
acceptable if they incorporated lesson content. In one study, during qualitative 
interviews some teachers expressed a preference for active breaks with curriculum 
content, however most preferred active breaks without (van den Berg et al., 2017), 
perhaps due to the ease of implementation. In contrast, another study showed most 
teachers preferred active breaks that incorporated academic content due to time 
constraints and curriculum pressures (McMullen et al., 2014). Teacher preferences 
warrant further exploration. 
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Results from the current study showed intervention effects on classroom behaviour 
were stronger for boys than girls. A previous study showed more time among girls 
and less time among boys in on-task behaviour immediately following 5-minute 
active breaks (Howie et al., 2014a).  That study investigated immediate effects, 
whereas the current study investigated more general effects on classroom behaviour, 
which may explain these divergent findings. Boys may take longer to settle 
immediately following active breaks, however once settled may be more on-task 
across the school day (Maguire et al., 2016). Further, boys in the current study 
displayed less on-task behaviour at baseline compared with girls and therefore had 
more room for improvement. However, these assertions remain speculative.    
 
While the current study showed frequent short active breaks had a positive effect on 
on-task classroom behaviour, no effect was found for reading or mathematics. In 
contrast, other studies using curriculum-based measures designed to detect small 
changes in academic achievement, as in this study, have reported improvements in 
mathematics and reading achievement (Howie et al., 2015, Erwin et al., 2012a). 
While only a pilot trial, based on post-hoc sample size calculations, the current study 
was powered to detect differences in mathematics but not reading achievement. 
However, it is possible that the intervention was not delivered as intended, which 
may explain the null effect on reading and mathematics. Another study found that 5 
minute active breaks were not sufficient to elicit improvement in mathematics scores, 
however 10 and 20 minute active breaks were (Howie et al., 2015). Intervention 
fidelity will be explored separately in a process evaluation. Importantly, no 
detrimental effects on academic achievement were found despite time taken out of 
the curriculum to perform active breaks.  
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Results showed no intervention effect on physical activity, consistent with the 
findings of a recent meta-analysis (Watson et al., 2017a). This may be because 
children compensate for the additional physical activity by being less active later in 
the day (Ridgers et al., 2014) or an issue of fidelity of delivery, which will be 
assessed separately in process evaluation. In contrast, a previous study reported that 
children participating in active breaks performed 47 minutes/week more physical 
activity than a control group (Ahamed et al., 2007). However, that study used self-
report measures of physical activity, which may be subject to bias and a possible 
explanation for these divergent results. 
 
Teacher logs of ACTI-BREAKS showed that most teachers (5/7) implemented at 
least two ACTI-BREAKS on most (>50%) days but some struggled to consistently 
deliver three. As intention to treat and per protocol findings were similar, this 
suggests that two daily ACTI-BREAKS may be most feasible and similarly effective 
for improving classroom behaviour.   
 
Strengths of the current study include the RCT design, involvement of teachers in the 
development phase, use of an objective measure of physical activity, and use of 
curriculum-based measures to assess intervention effects on short-term academic 
achievement.  Some limitations should also be noted. The current study utilised 
observations of classroom behaviour recorded by the same teachers who delivered 
the intervention and thus had potential for bias. Further, teachers in this study found 
it difficult to complete all required behaviour observations, resulting in missing data 
for a large number of children. Sedentary time was not examined in this paper, but 
could be examined in future studies. Lastly, despite the large sample of children, few 
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classes were involved. It is possible that poor protocol compliance among one 
teacher could skew results.  
 
7.6 CONCLUSION 
The minimal time commitment required and positive effect on on-task classroom 
behaviour may make this an appealing intervention for schools. Although 
improvements in academic achievement were not observed, importantly there were 
no detrimental effects. Longer-term studies, with larger sample sizes, will be 
important for understanding the value of active breaks for academic and physical 
activity related outcomes. 
 
7.7 PRACTICAL IMPLICATIONS 
• Incorporating frequent short physical activity breaks into the classroom 
routine led to an increase in on-task classroom behaviour, particularly for 
boys. 
• There was no evidence to suggest that implementing active breaks had any 
adverse effect on academic achievement or classroom behaviour.  
• The intervention did not have an effect on school day physical activity levels. 
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CHAPTER 8. PROCESS EVALUATION OF A 
CLASSROOM ACTIVE BREAK (ACTI-BREAK) 
PROGRAM FOR IMPROVING ACADEMIC-RELATED 
AND PHYSICAL ACTIVITY OUTCOMES FOR 
STUDENTS IN YEARS 3 AND 4 
 
8.1 PREFACE 
Chapter 7 described the efficacy of the ACTI-BREAK program for improving 
academic-related and physical activity outcomes in year 3 and 4 primary school 
children. It showed ACTI-BREAK was effective for improving classroom behaviour 
but not academic achievement or physical activity levels. In addition to outcome 
evaluation it was also considered important to conduct a process evaluation to 
explore fidelity and feasibility of the program. Process evaluation provides a way of 
identifying specific program characteristics associated with fidelity and feasibility of 
program implementation, and can be used to explain program outcomes (Saunders et 
al., 2005). This chapter addresses Aim 4 (To test the potential efficacy, fidelity and 
feasibility of a classroom-based physical activity intervention [ACTI-BEAK] for 
improving academic and physical activity-related outcomes) by presenting a process 
evaluation of the ACTI-BREAK program. This manuscript is in the second stage of 
revision with the journal in which it was submitted.   
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8.2 BACKGROUND 
Physical activity during childhood is associated with multiple short and long term 
health benefits (Janssen and LeBlanc, 2010). However, population based studies 
indicate less than 50% of primary (elementary) school-aged children attain the 
recommended 60-minutes of moderate- to vigorous- intensity physical activity per 
day required to accrue health benefits (Aubert et al., 2018).  Schools are regarded as 
an ideal setting for the promotion of physical activity to children as children spend 
the majority of their waking hours at school (Rasberry et al., 2011). However, 
physical activity interventions targeting the school environment can be difficult to 
implement, often due to competing time demands associated with academic 
accountability (McMullen et al., 2014). Active breaks are short bursts of physical 
activity performed in the classroom as a break from learning tasks (Howie et al., 
2014a). Meta-analyses and systematic reviews show children’s classroom behaviour 
improves following participation in such sessions (Watson et al., 2017a, Erwin et al., 
2012b, Donnelly et al., 2016). For example, active breaks as short as 4-minutes have 
been shown to have a positive effect on classroom behaviour immediately following 
participation (Carlson et al., 2015, Howie et al., 2014a, Ma et al., 2014b). Thus, 
active breaks may provide an attractive strategy for teachers to incrementally 
increase children’s daily physical activity during school hours (Ahamed et al., 2007, 
Carlson et al., 2015), while simultaneously improving classroom behaviour 
outcomes. While these outcome evaluation studies provide valuable insight into the 
effectiveness of such programs, process evaluation studies are important for 
exploring factors associated with intervention fidelity and feasibility (Bartholomew, 
2000).  
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Studies have explored general perceptions of active break strategies, reporting that 
active breaks that were short (e.g. < 5-minutes) and quick and easy to implement 
would be more likely to be adopted in daily practice (McMullen et al., 2014, Cothran 
et al., 2010, van den Berg et al., 2017, Carlson et al., 2017, Dinkel et al., 2017).  
Only one previous active break intervention has performed a process evaluation to 
accompany the outcome evaluation (Howie et al., 2014b). That study indicated that 
although 10- and 20-minute active breaks were effective for improving classroom 
behaviour, while 5-minute active breaks were not, teachers considered active breaks 
longer than 5-minutes to not be feasible within a crowded curriculum (Howie et al., 
2014b). This finding highlights the importance of process evaluation to provide 
insights into whether interventions would be feasible and implemented with high 
fidelity outside of the research context.   
 
This study was conducted to explore the fidelity and feasibility of a classroom-based 
physical activity (ACTI-BREAK) program through process evaluation. Outcomes of 
the intervention have been reported separately (Watson et al.).  
 
8.3 METHODS 
DESIGN  
The ACTI-BREAK intervention was designed in consultation with current primary 
school teachers, and involved classroom teachers incorporating 3x5-minute active 
breaks into their classroom routine daily (Watson et al., 2017b). Additional detail on 
the intervention development is provided in the trial protocol (Watson et al., 2017b).  
The intervention aimed to improve on-task behaviour, academic achievement and 
school-based physical activity levels (Watson et al., 2017b).  A 6-week pilot cluster 
 
190 | P a g e  
 
randomised controlled trial assessed efficacy showing the intervention was effective 
for improving on-task behaviour but not academic achievement or physical activity 
levels. The current study utilised qualitative (interviews and focus groups) and 
quantitative data (questionnaire and accelerometry) to conduct a process evaluation. 
The trial is registered with Australia New Zealand Clinical Trials Registry 
(ACTRN12617000602325). 
 
PARTICIPANTS AND SETTING 
Children in years 3 and 4 (n=374; 74% response) and their teachers (n=18) were 
recruited from six primary (elementary) schools across Melbourne, Australia for the 
pilot trial. Schools were randomised to either intervention (n=3) or wait-list control 
(n=3) group. The current study focuses on the responses of students (n=138; 50% 
male; mean age 9.22 (SD=0.61) years) and their teachers (n=7; male: n=2; female: 
n=5) in the ACTI-BREAK intervention group. 
 
8.4 MEASURES 
FIDELITY OF IMPLEMENTATION 
Teachers completed a log of the date and time they completed ACTI-BREAKS each 
day. As all ACTI-BREAKS were designed to be the same intensity level and to limit 
teacher burden, teachers were not required to log which activities they chose for their 
class. Children wore Actigraph GT3X accelerometers capturing physical activity 
data in 15-second epochs (Bailey et al., 1995) at baseline, weeks 3 and week 6 of the 
intervention. Freedson’ cut-points were used to classify time spent in light- (>25 to 
<555 counts/15-seconds) moderate- (≥555 to <1034counts/15-seconds) and 
vigorous- intensity physical activity (>1034 counts/15-seconds), as well as total 
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physical activity (sum of all intensities) (Freedson et al., 2005). Accelerometer data 
were matched with teacher logs to assess intensity of physical activity during each 
ACTI-BREAK. As reported start and end times on teacher logs may not have been 
precise, and to ensure physical activity during the whole 5-minute ACTI-BREAK 
was captured, 15 minutes of data (including 5-minutes before and after the reported 
ACTI-BREAK time) were extracted.  Including the 5 minute window either side of 
each ACTI-BREAK is unlikely to influence results as research has shown that the 
majority (65%) of the school day is spent sedentary, with only 5% spent in moderate- 
to vigorous- intensity physical activity (van Stralen et al., 2014).  Data were not 
extracted for reported ACTI-BREAK sessions adjacent to break times.  Change in 
school day physical activity from baseline to mid- and baseline- to end-intervention 
was also explored to determine whether implementation was sustained over the 
intervention duration. 
 
TEACHER EVALUATION OF FEASIBILITY 
Acute effects on behaviour 
During week 3 of the intervention, the acute effect of active breaks on behaviour was 
recorded through teacher observations at the individual level (for students with 
parent consent) using a tool adapted from the Direct Behaviour Rating Scale 
(Chafouleas et al., 2013) and at the whole class level (no identifying information was 
collected) using a modified version of the Classroom Behaviour and Assets Survey-
Teacher Behaviour (Lee et al., 2009). Group and individual behaviour were assessed 
simultaneously for a 10-minute period immediately before and after participation in 
3xACTI-BREAKS on 3 separate days.  
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Teacher interviews 
In the week following intervention completion, teachers took part in a semi-
structured telephone interview with a researcher (AW), designed to elicit discussion 
on factors affecting implementation of ACTI-BREAKS.  Interviews lasted 
approximately 20-30 minutes and were audio-recorded and transcribed verbatim. 
 
STUDENT EVALUATION OF SATISFACTION  
Enjoyment ratings 
During each of weeks 1, 3 and 6 of the ACTI-BREAK program, teachers asked 
students to indicate their enjoyment of 3 different ACTI-BREAK sessions 
immediately following participation. Enjoyment was indicated on a 4-point Likert 
scale (I hated it=1 to I loved it=4) collected anonymously on paper forms, which 
students placed in a sealed box.  
 
Satisfaction questionnaire 
Upon completion of the ACTI-BREAK program, students completed a 13-item 
questionnaire to rate their satisfaction with the programme (refer to Table 2 for 
specific questionnaire items). Using a 4-point Likert scale (strongly disagree=1 to 
strongly agree=4) students indicated agreement with statements regarding (1) 
enjoyment of the ACTI-BREAKS (3 items): (2) preferred dose (frequency, intensity 
and duration) of active breaks (6 items): (3) effect on learning and behaviour (3 
items): and (4) ability to do the activities (1 item). Students had the opportunity to 
provide additional feedback by answering the following open-ended questions: 
‘What did you like about the ACTI-BREAK program?’; ‘Was there anything you did 
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not like about the ACTI-BREAK program?’; and ‘Is there anything else you would 
like to say about the ACTI-BREAK program?’ 
 
Focus groups 
At intervention conclusion a random selection of students from each class were 
invited to participate in a semi-structured focus group discussion facilitated by a 
researcher (AW). Fifteen focus groups were conducted, each lasting approximately 
30 minutes; 2 to 3 focus groups per class, with 4 to 6 students per group, and similar 
numbers of boys and girls in each. Focus groups were audio-recorded and transcribed 
by a commercial service. For example, to elicit discussion on factors effecting 
enjoyment of ACTI-BREAKS, students were asked to write down the names of two 
of their most favourite and two of their least favourite ACTI-BREAKS, and were 
then asked: ‘Can you tell me what you particularly liked/did not like about that one?’  
 
8.5 ANALYSIS  
Quantitative data were analysed using Stata v15 (StataCorp, USA).  Frequencies 
were reported. Change in physical activity from baseline- to mid- and baseline- to 
end-intervention and acute effects of ACTI-BREAKS on on-task classroom 
behaviour were analysed using paired t-tests.  
 
Qualitative data were analysed using Braun and Clarkes 6 phases of thematic 
analysis (Braun and Clarke, 2006) and NVivo 11 (QSR International Pty. Ltd.). This 
involved two researchers independently coding four transcripts (2 x student focus 
groups; 2 x teacher interviews).  The minimal number of discrepancies were resolved 
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through discussion until 100% agreement was reached.  Remaining transcripts were 
coded by one researcher.  Coded transcripts were repeatedly revised to ensure codes 
were consistently applied across transcripts.  Similar codes were then grouped into 
higher order categories to create themes and subthemes.  Themes were continually 
refined, and then defined and named.  To ensure rigor of the data, all authors were 
involved in confirming final themes. 
 
8.6 RESULTS 
FIDELITY 
Teacher logs indicated fidelity was fair in terms of required frequency, with an average of 
two ACTI-BREAKS completed per day and the number of days on which three ACTI-
BREAKS were achieved ranging from 4 (n=1 class) to 23 (n=3 classes) out of 30 days 
(Table 1).  Accelerometer data indicated fidelity was low in terms of children 
achieving prescribed moderate-intensity physical activity. The majority of ACTI-
BREAK time was spent in light- intensity physical activity. Paired t-tests showed 
school day physical activity in the intervention group increased from baseline to mid-
intervention (mean diff=2.46;95%CI:0.64,4.29), but not baseline to end-intervention 
(mean diff=1.93;95%CI:-0.20,4.05).  
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Table 8.1: Number of ACTI-BREAKS completed per day and time spent in different 
intensities of physical activity during ACTI-BREAKS 
 
ACTI-
BREAKS per 
day 
LPA 
(mins/ACTI-
BREAK) 
MPA 
(mins/ACTI-
BREAK) 
VPA 
(mins/ACTI-
BREAK) 
Total PA 
(mins/ACTI-
BREAK) 
 Mean Range Mean (SD) Range 
Mean 
(SD) Range 
Mean 
(SD) Range 
Mean 
(SD) Range 
Class 
1 1.6 0 to 3 
3.9  
(2.3) 
0.0 to 
8.0 
0.6  
(0.6) 
0.0 to 
2.5 
0.4  
(0.5) 
0.0 to 
2.4 
4.8  
(3.1) 
0.0 to 
9.5 
Class 
2 1.7 0 to 3 
5.8  
(1.6) 
1.6 to 
8.6 
0.8  
(0.5) 
0.0 to 
2.2 
0.2 
(0.2) 
0.0 to 
1.0 
6.8 
 (1.9) 
1.6 to 
10.6 
Class 
3 1.7 0 to 3 
4.5  
(2.2) 
0.0 to 
7.8 
1.2 
(0.8) 
0.0 to 
2.9 
1.0  
(0.8) 
0.0 to 
2.9 
6.7  
(3.3) 
0.0 to 
11.4 
Class 
4 1.4 0 to 3 
5.8  
(1.7) 
2.0 to 
11.0 
1.2  
(0.8) 
0.0 to 
4.0 
0.7  
(0.9) 
0.0 to 
4.5 
7.7  
(2.3) 
2.0 to 
13.4 
Class 
5 2.5 0 to 3 
6.8 
(1.7) 
3.5 to 
10.9 
1.5  
(0.8) 
0.0 o 
3.5 
1.0  
(0.7) 
0.0 to 
3.1 
9.3  
(2.2) 
4.0 to 
14.9 
Class 
6 2.5 0 to 3 
5.2  
(2.2) 
0.3 to 
10.5 
1.6  
(1.0) 
0.0 to 
4.5 
1.3  
(1.9) 
0.0 to 
9.3 
8.1  
(3.3) 
0.3 to 
14.8 
Class 
7 2.5 0 to 3 
4.4  
(2.0) 
0 to 
10.3 
1.5  
(1.3) 
0.0 to 
6.5 
1.1  
(1.2) 
0.0 to 
6.5 
6.9  
(3.3) 
1.8 to 
15 
All 
classes 2.0 0 to 3 
5.2  
(2.2) 
0.0 to 
11.0 
1.3  
(1.0) 
0.0 to 
6.5 
0.9  
(1.2) 
0.0 to 
9.3 
7.5  
(3.1) 
0.0 to 
15.0 
*15 minutes of data (including 5-minutes before and after the reported ACTI-BREAK time) were 
extracted. 
LPA: light-intensity physical activity; MPA: moderate-intensity physical activity; VPA: vigorous-
inteniaty physical activity; PA: physical activity; SD: standard deviation 
 
TEACHER EVALUATION OF FEASIBILITY 
Acute effects on on-task classroom behaviour 
Teacher-reported on-task classroom behaviour at the individual level improved 
immediately following participation in ACTI-BREAKS (pre:74.78 vs. post:79.73; 
t=4.75; p<0.001). There was no change in behaviour at the class level (pre: 4.90 vs. 
post:5.50; t=2.15; p=0.07). 
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Interviews 
Overall, teachers were positive in their post-intervention interviews and indicated 
they would continue to use the program.  However, due to a number of barriers and 
facilitators identified, teachers indicated they would modify the program to suit their 
needs. 
 
Barriers   
Two major barriers to implementation were identified by teachers: (1) return to task; 
and (2) scheduling. Two teachers stated that students with behavioural challenges 
needed lower intensity active breaks to be able to settle back to work afterwards. All 
teachers described ACTI-BREAKS that provided clear directions to students and 
restricted movement as working best in terms of ease of settling the class after the 
ACTI-BREAK.  Qualitative results confirmed that all teachers struggled to 
implement all three ACTI-BREAKS every day.  When asked “How did you find 
doing three ACTI-BREAKS every day?” all teachers reacted along the lines of “that 
was too many” and commented that it would work better on an as needs basis.  
Scheduling around specialist classes was also often reported as a major barrier to 
implementation.  
 
Facilitators 
Three teachers shared that they tended to mostly repeat the ACTI-BREAKS that their 
classes enjoyed.  Most teachers noted the task cards which explained how to do the 
ACTI-BREAKS made implementation quick and easy.   The majority of teachers (6 
out of 7) stated that having the flexibility to adapt the ACTI-BREAKS to suit their 
individual classes’ facilitated delivery.  One teacher suggested that having the option 
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to integrate active breaks into the curriculum (i.e. lesson content) would be helpful in 
terms of overcoming time constraints and pressure to get through the required 
curriculum. Another teacher reported that the size of the classroom and classroom 
furniture limited the available classroom space and suggested that having an option 
to do the activities outdoors would have worked better.  
 
STUDENT SATISFACTION 
Enjoyment of individual ACTI-BREAKS 
As teachers selected the specific ACTI-BREAKS to be rated by students, not all 
ACTI-BREAKS were rated by all classes. Data were provided for 17 out of a 
potential 30 different ACTI-BREAKS. Enjoyment ratings indicated students liked or 
loved the majority (79%) of ACTI-BREAKS.   
 
Satisfaction questionnaire 
The majority of students agreed or strongly agreed that they enjoyed (96%), looked 
forward to (85%), and that their teacher enjoyed (78%) the ACTI-BREAKS (Table 
2).  About two thirds agreed or strongly agreed that it was easier to concentrate and 
that their school work improved after doing the ACTI-BREAKS. However about one 
quarter said they found it difficult to calm down after ACTI-BREAKS.  
Approximately half of all students thought they were too short and wanted more 
ACTI-BREAKS every day.  
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Table 8.2: Student satisfaction questionnaire (n=119-121) 
Questionnaire item Strongly disagree  Disagree Agree 
Strongly 
agree 
 % 
Enjoyment     
I enjoyed ACTI-BREAKS 0.8 5.0 38.3 55.8 
I looked forward to ACTI-
BREAKS 2.5 12.6 32.8 52.1 
My teacher enjoyed ACTI-
BREAKS 4.2 18.3 52.5 25.0 
Ability     
I could do the ACTI-BREAK 
activities 0.8 6.6 30.6 62.0 
Dose      
ACTI-BREAKS went for enough 
time 15.1 23.5 36.1 25.2 
We had enough ACTI-BREAKS 
every day 10.8 35.8 26.7 26.7 
ACTI-BREAKS didn’t go for 
long enough  23.3 30.8 23.3 22.5 
We had too many ACTI-
BREAKS every day 48.7 35.3 9.2 6.7 
ACTI-BREAKS went for too 
long 45.0 39.2 7.5 8.3 
We didn’t have enough ACTI-
BREAKS every day 22.5 25.8 33.3 15.3 
Effect on learning and 
behaviour      
I found it easier to concentrate 
after ACTI-BREAKS 12.5 21.7 37.5 28.3 
My school work improved after 
ACTI-BREAKS 8.3 25.0 42.5 24.2 
I found it hard to calm down 
after ACTI-BREAKS 31.9 41.2 13.5 13.5 
 
Open-ended results from the satisfaction questionnaire highlighted enjoyment of the 
program. Eight children did not complete these questions. Of those who did, there 
were a range of positives reported to the question “What did you like about the 
ACTI-BREAK program”, the most prevalent being that the activities were fun 
(n=30), they helped them to learn better (n=7) and that they got an opportunity to be 
active (n=10). When asked “Was there anything you did not like about the ACTI-
BREAK program” most students indicted there was not anything they did not like 
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(n=57). Other responses were generally positive, indicating students wanted the 
activities to go for longer (n=6), and more often (n=5). Some students reported that 
some of the activities were boring (n=5), there was not enough space to move (n=2) 
and that they would prefer to do the activities outside (n=3). Other students disliked 
it when students did not calm down after doing ACTI-BREAKS (n=9). 
 
Focus groups 
Participants identified a number of factors related to enjoyment, preferred dose of 
ACTI-BREAK and ability to return to task.  Students particularly enjoyed those 
ACTI-BREAKS that incorporated choice (9 out of 15 focus groups) imagination (10 
out of 15 focus groups) and challenge (9 out of 15 focus groups) and did not like 
ACTI-BREAKS that evoked silliness (8 out of 15 focus groups) or that they 
perceived to be too difficult (12 out of 15 focus groups), and some did not like doing 
ACTI-BREAKS in the confined space of their classroom (5 out of 15 focus groups).  
Some students reported wanting shorter duration ACTI-BREAKS so they had more 
time to spend on their school work (6 out of 15 focus groups).  Students who 
reported playing sport wanted longer, more frequent ACTI-BREAKS at a higher 
physical activity intensity, often due to perceived fitness benefits (3 out of 15 focus 
groups).  Students reported varying responses to ACTI-BREAKS in terms of ability 
to return to task, from feeling no difference to feeling calmer and more “switched 
on”.  For some students (4 out of 15 focus groups) feeling tired after ACTI-BREAKS 
was identified as key to helping students do their work (3 out of 4 focus groups), 
while other students noted that feeling tired after hindered their ability to do their 
work (3 out of 4 focus groups).  
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8.7 DISCUSSION 
This study is one of the first to report a process evaluation of a classroom-based 
active break intervention aimed at improving academic and physical activity-related 
outcomes.  The intervention was shown to be feasible and generally a positive 
experience for teachers and students.  However, some minor modifications in terms 
of the required frequency and intensity of ACTI-BREAKS could improve fidelity. 
Two major barriers to implementation identified by teachers were scheduling and 
ability for students to return to task. Facilitators to implementation were flexible 
delivery options, ease of implementation, and student enjoyment. Teacher reports of 
classroom behaviour showed on-task behaviour improved immediately following 
ACTI-BREAKS. Students were largely satisfied with the program, and particularly 
enjoyed ACTI-BREAKS that incorporated choice, imagination and challenge.  
Students did not enjoy ACTI-BREAKS that evoked silliness or were perceived as too 
difficult, and some did not like doing ACTI-BREAKS in the confined space of their 
classroom. 
 
Data from teacher logs showed that fidelity was fair in terms of meeting the required 
frequency of ACTI-BREAKS.  Scheduling was consistently identified as a barrier to 
achieving all three active breaks every day, and similar to previous studies was often 
associated with time constraints (e.g. fitting active breaks in around learning in other 
key curriculum areas) (Howie et al., 2014b, van den Berg et al., 2017, Cothran et al., 
2010). During the ACTI-BREAK development phase, teachers considered three short 
active breaks per day to be feasible.  However, in practice teachers stated it was not 
always necessary to perform an active break (e.g. due to transition to specialist 
classes forming a natural break in the schedule, or students were working well). 
Consequently, consistent with findings from a previous study (van den Berg et al., 
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2017) teachers stated implementation would work better on an as needs basis.  Thus, 
some flexibility around implementation (i.e. structured vs. incidental) and usage 
frequency may be necessary when developing future active break interventions.   
 
Teachers suggested that the option to integrate ACTI-BREAKS into lesson content 
could help overcome time constraints associated with academic accountability. Such 
interventions have been shown to improve classroom behaviour (Goh et al., 2016, 
Mahar et al., 2006) and physical activity levels (Riley et al., 2015b, Riley et al., 
2015a) following participation, and can achieve the same physical activity intensity 
as active breaks (Beck et al., 2016, Grieco et al., 2016, Riley et al., 2015a, Riley et 
al., 2015b). However, it was thought that curriculum-focussed active breaks or 
physically active lessons would require teachers to change their teaching practices 
which could be met with resistance, and thus this was decided against. Additionally, 
due to known time constraints within busy teacher schedules, during the 
development phase it was decided for active breaks to be conducted inside the 
classroom to avoid taking children to another location which takes time (van den 
Berg et al., 2017).  However, some students and one teacher commented that having 
to perform activities within the confined space of the classroom was a limitation of 
the program.  Thus, it may be necessary to provide teachers with a range of options 
for integrating physical activity into school day, including outdoor options, and the 
incorporation of academic content so that they can choose the option(s) that best suits 
their needs.   
 
In addition to not meeting the prescribed frequency, teachers also generally did not 
achieve the prescribed moderate-intensity for the active break. This may be due to a 
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failure of the intervention development as teachers could choose less intense options 
(e.g. ask children to creep around the room rather than gallop around).  Thus, the 
program may need to be more prescriptive to ensure examples are all moderate 
intensity physical activity.  Additionally, it may be important to provide further 
support for teachers so that they have the skills and confidence to manage classes 
during active breaks at a higher intensity, as physical activity of at least moderate-
intensity is preferable to light- intensity physical activity in terms of health benefits 
(Janssen and LeBlanc, 2010).   
 
An alternative explanation for implementation at a mainly light- intensity may relate 
to teacher concerns for moderate-intensity active breaks to have an adverse effect on 
behaviour.  While in the development phase teachers considered moderate-intensity 
active breaks to be feasible (Watson et al., 2017b), results of this study suggest that 
in practice teachers prefer light- intensity active breaks, perhaps due to the perception 
that came out in the interviews that students (particularly those with behavioural 
challenges) were easier to settle following light-, compared with moderate-intensity 
active breaks. Previous studies have consistently reported moderate- to vigorous-
intensity active breaks had a positive acute effect on behaviour (Watson et al., 2017a) 
and one indicated that behaviour improved most for those the most off task prior to 
active break sessions (Mahar et al., 2006).  However, as that study (Mahar et al., 
2006) did not explore fidelity of implementation it is unclear whether the prescribed 
moderate-to vigorous- intensity physical activity was met – it is possible that 
intervention was also implemented at a mainly light- intensity.  No other studies have 
considered the effect of light- intensity active breaks on behaviour, and only one has 
compared intervention effects based on behaviour prior to active break sessions 
(Mahar et al., 2006).  Thus, future studies may consider comparing the effect of 
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light- versus moderate-intensity active breaks on behaviour, as well as whether 
effects differ by behaviour prior to such sessions.   
 
While teachers suggested the ability for students to return to task following ACTI-
BREAKS was due to intensity of active break and whether or not students had 
behavioural challenges, students suggested that tiredness was key to settling back to 
work (or not) following ACTI-BREAKS.  Some students reported that tiredness 
helped, while others reported that tiredness hindered their ability to return to task 
following ACTI-BREAKS.  While in the current study active breaks were mostly 
implemented at a light-intensity, there was considerable variation in between 
students in the actual physical activity intensity achieved.  The cognitive effects of 
acute bouts of physical activity have been shown to differ with physical activity 
intensity (Chang et al., 2012).  Specifically emerging research suggests light- to 
moderate- intensity physical activity benefits, while vigorous- intensity physical 
activity has no effect (Chang et al., 2012) or an adverse effect (Samuel et al., 2017) 
on cognitive function immediately following sessions, perhaps due to exercise 
induced fatigue (Moore et al., 2012).  Thus, in the current study greater levels of 
tiredness may be associated with performing ACTI-BREAKS as a higher physical 
activity intensity and consequently an impaired ability to return to task, while lower 
levels of tiredness may be associated with performing ACTI-BREAKS as a lower 
physical activity intensity and increased ability to return to task.  However, this 
assertion remains speculative. 
 
In addition to ACTI-BREAKS that did not cause behaviour disruptions, similar to 
previous studies  teachers had an affinity to ACTI-BREAKS that students enjoyed. 
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Students reported enjoying ACTI-BREAKS that incorporated choice, imagination 
and challenge, and disliking activities that were perceived as too difficult, evoked 
silliness, and some did not like performing ACTI-BREAKS in the confined space of 
their classroom.  Additionally, the preferred dose of active break was different for 
different students.  These findings are mostly new to the active break literature, with 
only one previous process evaluation exploring student perceptions of active breaks 
(Howie et al., 2014b).  Similar to findings from a the current study, that study 
(Howie et al., 2014b) also reported that some students wanted longer duration active 
breaks (10 to 20 minutes), while others wanted shorter active breaks (5 minutes).  
However, longer duration active breaks may not be feasible due to time constraints 
(Howie et al., 2014b, van den Berg et al., 2017, Cothran et al., 2010).  Thus, active 
breaks may need to be differentiated in other ways to cater to different student 
preferences.  For example, the incorporation of outdoor activities, as well as different 
levels of movements so students can choose the movement that best suits their ability 
(e.g. including movements that all students can do, as well as more challenging 
movements for those students who desire extension).  
 
8.7 STRENGTHS AND LIMITATIONS 
A limitation of this study was that fidelity and classroom behaviour data were 
reported by the same teachers as those implementing the program, so there was 
potential for reporting bias. While the intensity of ACTI-BREAKS was collected 
objectively, there was potential for inaccuracy in teacher reported times that ACTI-
BREAKS were conducted. This was overcome by analysing data with a 5-minute 
window either side of each reported ACTI-BREAK time to ensure the entire ACTI-
BREAK was captured. However, this method meant that movement superfluous to 
the ACTI-BREAK was also captured. A further limitation was that not all children 
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were represented in the focus groups due to the high number of participating 
children. However, all children were represented in the other student evaluation 
measures and themes were mostly similar across focus groups, suggesting there was 
consistency of opinion across participating children. Another limitation was that 
teachers had the choice of which ACTI-BREAK activities to implement, so not all 
classes participated in the same activities. The current study had several strengths, 
including the use of data from both students and teachers to ensure a comprehensive 
assessment of feasibility and fidelity, and the objective assessment of physical 
activity intensity.  
 
8.9 CONCLUSION 
Results from the current study indicate the intervention was feasible and generally a 
positive experience for teachers and students.  However, it was implemented at a 
lower intensity and frequency than prescribed due to teachers’ perceptions of time 
constraints and the ability for students to return to task following higher intensity 
active breaks. Thus, the ACTI-BREAK intervention requires some modifications 
regarding the required intensity and frequency of the ACTI-BREAKS to improve 
fidelity. This information can be used to develop more feasible active breaks 
programs, or used to inform the integration of physical activity into the classroom 
setting more broadly. 
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CHAPTER 9.  DISCUSSION OF THESIS FINDINGS 
This thesis extended on the literature relating to the influence of physical activity on 
academic-related outcomes. It comprises: a comprehensive literature review 
(chapter2); an investigation into associations between different intensities of physical 
activity on academic achievement (chapter 3) an investigation into associations and 
effects of two specific types of physical activity: organised sport (chapter 4) and 
classroom-based, (chapter 5) on academic-related outcomes. This information was 
combined to inform the development of an active break intervention (ACTI-
BREAK) targeting academic and physical activity related outcomes, which was then 
implemented and evaluated for fidelity, feasibility and potential efficacy (chapters 6 
to 8).  
 
This chapter provides an overview of the findings of this thesis as a whole, including 
the implications and opportunities for future research. Additionally, the strengths and 
limitations of this research are discussed. 
 
9.1 OVERVIEW OF THESIS FINDINGS 
The overall aim of this thesis was to explore the intensities and types of physical 
activity required to maximise academic-related outcomes. While findings from 
chapter 3 indicated negative associations between overall physical activity intensity 
and academic achievement, results from chapters 4, 5 and 7 indicated that specific 
types of physical activity were associated with better academic-related outcomes. 
Specifically, results from chapters 4 indicated that organised sport (a type of physical 
activity) was associated with better classroom behaviour, after adjusting for overall 
physical activity, suggesting that sport participation has academic-related benefits 
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above and beyond that derived from overall physical activity. Results from chapter 5 
indicated that classroom-based physical activity interventions (active breaks, 
curriculum focussed active breaks and physically active lessons) led to 
improvements in classroom behaviour, academic achievement and some cognitive 
functions. Lastly, results from chapter 7 showed active breaks (ACTI-BREAK) had a 
positive effect on classroom behaviour. Combined, these results suggest that the type 
of physical activity, and not the intensity of physical activity is important for 
academic benefits. 
 
Results from chapters 5 and 7 suggest that classroom-based physical activity 
regardless of intensity has the potential to bring academic-related benefits. Results 
from chapter 5 indicated that active breaks of moderate-, vigorous-, and moderate- to 
vigorous- intensity all led to improvements in classroom behaviour as well as the 
cognitive function element, selective attention (i.e. the ability to ignore distractions). 
Selective attention may be the pathway through which improvements to classroom 
behaviour occur (Howie and Pate, 2012) (chapter 2). While these findings from the 
literature suggest that active breaks need to be of at least moderate- intensity to 
improve academic-related outcomes, this thesis found that light- intensity active 
breaks may also bring academic benefit.  
 
Results from chapter 7 indicated that active break (ACTI-BREAK) sessions, 
although performed mostly at a light- intensity (and not moderate- intensity as 
prescribed) had a positive effect on classroom behaviour. Similarly, results from a 
previous study reported that while active breaks were designed as moderate- 
intensity, some students were active at a light- intensity during intervention sessions 
(Whitt-Glover et al., 2011). Nonetheless, significant increases in on-task classroom 
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behaviour were observed in the intervention, compared with control group (Whitt-
Glover et al., 2011). Other studies have investigated the effect of other forms of 
classroom-based physical activity, including curriculum-focused active breaks and 
physically active lessons on academic related outcomes (chapter 5). While target 
physical activity intensity was often not reported for these forms of classroom-based 
physical activity interventions (Watson et al., 2017a), it could be inferred from the 
description of intervention content that some of these interventions involved light- 
intensity physical activity (e.g. measuring distances around a netball court and 
throwing beanbags to a numbered target and adding up the total) (Riley et al., 
2015a), while others involved moderate- to vigorous- intensity physical activity (e.g. 
jumping while reciting spelling words and multiplication facts) (Fedewa et al., 2015). 
Nonetheless, results across different intensities of physically active lessons indicated 
significant improvements in classroom behaviour (Riley et al., 2015a) and academic 
achievement in intervention versus control groups (Fedewa et al., 2015) Combined, 
these findings suggest that regardless of physical activity intensity, classroom-based 
physical activity has the potential to improve academic-related outcomes.  
 
The finding that organised sport and classroom-based physical activity were 
associated with and had a positive effect on classroom behaviour outcomes may 
relate more to the focus required when performing these types of physical activity, 
than to the intensity at which they were performed. Compared with unstructured 
forms of physical activity (e.g. active play), organised sport and classroom-based 
physical activity require more focus.  For example, during active breaks children are 
required to pay attention to, and follow directions given by their teacher. It is 
therefore plausible that the focus practiced during active breaks and on the sports 
field may translate into better focus in the classroom. Alternatively, for all 
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classroom-based physical activity interventions, positive effects on academic-related 
outcomes may simply be due to physical activity being performed immediately 
before or during learning tasks. Meta-analyses have shown that physical activity had 
stronger acute (immediate) positive effects on the executive function subdomain of 
inhibition (also referred to as selective attention; see glossary for definition), 
compared with other cognitive functions among pre-adolescent children (Verburgh et 
al., 2014, de Greeff et al., 2018). The particularly beneficial acute effect of physical 
activity on inhibition may be of interest to teachers. Inhibition refers to the ability to 
ignore distractions, which may facilitate improvements in on-task behaviour (e.g. 
focussing on the task assigned by the teacher) and subsequently, academic 
achievement, as outlined in the model described in section 2.7. Thus, the positive 
effect of active breaks on classroom behaviour may be due to the acute cognitive 
effects of physical activity. For curriculum-focussed active breaks and physically 
active lessons improvements in academic-related outcomes may be due to the 
integration of movement into learning, as research suggests that movement aids 
learning (Webster et al., 2015), perhaps through neurobiological mechanisms such as 
increases in blood flow and oxygen to the brain (section 2.6). 
 
Negative associations with overall physical activity intensity (chapter 3), but positive 
associations with sport participation (chapter 4) and classroom-based physical 
activity (chapters 5 and 7) may also be due to differences in study designs used in 
these studies. For the studies in this thesis, associations between overall physical 
activity and academic achievement were explored longitudinally (up to 2.29 years 
later), whereas associations between sport participation and effects of classroom-
based physical activity on academic-related outcomes were explored cross-
sectionally and though short-term intervention effects. Differences in outcomes have 
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been observed between study designs, with cross-sectional and intervention studies 
more consistently reporting positive associations with academic achievement, 
compared with longitudinal studies. For example, systematic reviews have reported 
positive or no associations between physical activity and academic achievement for 
the majority of cross-sectional studies (10 out of 11 studies) (Marques et al., 2017) 
and positive effects for the majority of classroom-based physical activity 
interventions (7 out of 8 studies) exploring short-term effects on academic 
achievement (chapter 5) (Watson et al., 2017a). In contrast, results from longitudinal 
studies have been mostly mixed (chapter 3). This suggests that physical activity may 
be more likely to have short-term effects on academic-related outcomes, compared 
with in long term-effects. 
 
9.2 STRENGTHS AND LIMITATIONS OF THIS THESIS 
9.2.1 STRENGTHS  
A major strength of this thesis is the use of strong measures of both physical activity 
and academic achievement. An objective measure of physical activity intensity was 
used to examine both the influence of physical activity on academic-related 
outcomes, as well as the effect of a classroom-based physical activity intervention on 
physical activity levels.  Most previous longitudinal and intervention studies in the 
area have used self-report measures of physical activity. As discussed in chapter 2, 
self-report measures of physical activity may be subject to bias and poor recall. An 
objective measure of physical activity does not rely on recall, and therefore provides 
a stronger tool for measuring children’s physical activity. Accelerometry in particular 
was chosen for the studies in this thesis due to its established validity and reliability 
when used to measure children’s physical activity, its ability to capture time spent in 
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different intensities of physical activity (Rowlands, 2007) and its low burden on 
participants (Welk, 2002).   
 
The inclusion of strong study designs: a longitudinal, a cluster randomised controlled 
trial, and meta-analysis study designs were further strengths of this thesis. 
Longitudinal and randomised controlled trial study designs allow for causality to be 
explored.  Additionally, meta-analyses provide a systematic, objective appraisal of 
the available evidence, which minimises the potential for bias, compared with 
narrative reviews (Finckh and Tramer, 2008).  Strong study designs allow for greater 
confidence in conclusions drawn from the studies in this thesis, compared with 
weaker study designs.  
 
Studies within this thesis also had methodological strengths. A large sample size 
across all studies was used to examine the influence of physical activity on a broad 
range of academic-related outcomes. While some previous cross-sectional studies in 
this field have had large sample sizes (e.g. >1000), most longitudinal studies have 
had less than 200 participants (Haapala et al., 2014, Haapala et al., 2017) and 
intervention studies have mostly had less than 300 participants (Watson et al., 
2017a). Additionally, the utilisation of development work (chapters 3, 5 and 6) to 
inform an active break intervention (ACTI-BEAK), as well as a comprehensive 
evaluation of efficacy (chapter 7), fidelity and feasibility of ACTI-BREAK (chapter 
8) were further strengths of this thesis. Data on overall trends as well as an in-depth 
analysis of participant views that could impact trends were captured, ultimately 
helping to explain intervention outcomes.  
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9.2.2 LIMITATIONS 
There are some limitations that should be noted when interpreting the results of this 
thesis. Assessments of associations between overall physical activity intensity 
(chapter 3) and sport participation (chapter 4) with academic-related outcomes 
utilised secondary data and the candidate had no input into the measures used.  As 
the Healthy Active Preschool and Primary Years (HAPPY) study was not focused on 
academic-related outcomes, measures were not comprehensive. Although a robust 
measure of academic achievement was used (chapter 3), a robust measure of 
classroom behaviour was lacking (chapter 4). Ideally, classroom behaviour would be 
captured directly through teacher report, instead of indirectly through parent-report 
of teacher-reported classroom behaviour, which may be subject to bias.  
 
In addition to the need for more robust measures of classroom behaviour, the 
findings from this thesis may not be generalizable to the wider population. The 
majority of participants included the HAPPY study were from high socioeconomic 
backgrounds (chapters 3 and 4) based on maternal education, with only 4% (chapter 
3) and 7.5% (chapter 4) of the sample classified as low socioeconomic position. 
Additionally, the samples used in this thesis had higher levels of physical activity 
and sport participation compared with the general population. For example, 61% 
(chapter 4) and 98% (chapter 3) of HAPPY study participants met the physical 
activity guidelines, compared with approximately one quarter of Australian children, 
as reported in population-based studies (Active Healthy Kids Australia, 2018). 
Although the same participant sample was utilised in these chapters, differences in 
estimates of physical activity are likely due to participants being older in chapter 4, 
compared with in chapter 3. Studies have shown participation rates decline with 
increasing age (Aubert et al., 2018).  Additionally, 89% of the study sample (chapter 
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4) participated in organised sport, compared with 38.9% of 9 to 11 year olds in the 
wider population (Australian Sports Commission, 2018). Consequently, findings 
from these two studies may not be generalisable to the wider population as sport and 
physical activity participation may be overestimated. 
 
A further limitation of the studies in this thesis relates to incomplete data. 
Approximately 40% (chapter 3) and 23% (chapter 4) of participants did not have 
complete data, and therefore were not included for analyses on associations between 
physical activity intensity and organised sport participation with academic-related 
outcomes, sample sizes remained large. For studies contained in both of these 
chapters, a higher proportion of participants with incomplete data were from low 
socioeconomic, compared with high socio-economic backgrounds, defined by 
maternal education. This may impact generalisability of findings.  
 
9.3 FUTURE RESEARCH RECOMMENDATIONS 
The findings from this thesis have identified several opportunities for future research. 
These are discussed below. 
• Few studies among primary school-aged children have explored the influence 
of sport participation on classroom behaviour outcomes (chapter 4). Future 
studies using longitudinal and intervention study designs are warranted to 
allow causality to be explored.  
• How time spent in other non-active academic-related activities such as 
reading may influence associations between physical activity and academic 
achievement should be investigated in future studies. 
• A full scale randomised controlled trial is warranted. Future interventions 
may consider: 
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o Recruitment of larger samples powered to detect significant 
associations between active break participation and academic-related 
outcomes. 
o Future interventions should include longer term follow up to explore 
whether intervention delivery and effectiveness is sustained. 
Additionally, longer term follow up (e.g. one to two years) would 
allow for intervention effects on academic achievement to be explored 
using a standardised test. 
o Future active break interventions should compare the effect of light- 
moderate- and vigorous- intensity physically active breaks on 
academic-related outcomes to determine whether physical activity 
intensity is important for academic-related outcomes.  
o Whether or not the effect of active breaks on academic achievement is 
mediated by improvements in classroom behaviour may also be 
important to explore in future studies. 
 
9.4 IMPLICATIONS OF THIS THESIS 
The findings from this thesis may be useful for school administrators, teachers and 
parents. Results from this thesis suggest the type of physical activity may be more 
important for academic outcomes than the intensity of physical activity. Structured 
forms of physical activity, organised sport (chapter 4) and classroom-based physical 
activity were found to be important for academic-related benefit (chapters 5 and 7). 
These findings may be used to encourage parents to provide more opportunities for 
their children to participate in organised sport and schools to integrate classroom-
based physical activity into the school day. 
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To promote increased organised sport participation, sporting clubs may consider 
promoting the benefits of sport participation for classroom behaviour outcomes (and 
potentially academic achievement) to parents. Through “selling” the idea that sport 
participation is important for academic-related outcomes, parents may become more 
supportive of their children participating in organised sport, and may even become 
advocates among their friends. As discussed in chapter 2, children who participate in 
organised sport tend to be more active than non-participants, and are more likely to 
achieve recommended levels of physical activity. Thus, this approach to promoting 
organised sport participation has the potential to not only increase children’s physical 
activity levels and associated health benefits, but also improve their school 
performance. 
 
To promote physical activity in schools, school administrators may consider 
promoting the academic-related benefits of implementing classroom-based physical 
activity into classroom routines to their teachers. Through this approach to physical 
activity promotion, teachers may become more willing to add physical activity to 
their daily classroom routines, consequently helping children to not only become 
better learners, but also accrue more physical activity. However, professional 
development sessions will be required to equip teachers with the skills and 
confidence to deliver such sessions (chapters 5 and 8). Incidental discussion of any 
academic-related benefits observed as a consequence of implementing classroom-
based physical activity sessions into their classrooms, may then encourage other 
teachers to implement similar practices in their classrooms.  
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9.5 CONCLUSION 
This thesis aimed to extend on the literature regarding the influence of physical 
activity on academic related outcomes by increasing understanding of the association 
and effect of intensity and type of physical activity required to maximise academic-
related benefits. Throughout this thesis six novel studies provided a comprehensive 
investigation into the influence of physical activity on children’s academic-related 
outcomes. It was identified that overall physical activity, regardless of intensity was 
negatively associated with later academic achievement. However, both organised 
sport participation and classroom-based physical activity demonstrated the potential 
to improve children’s academic-related outcomes in the short-term. Given the 
potential to increase physical activity levels while simultaneously improving 
classroom behaviour (and potentially academic achievement), these findings may 
encourage school administrators, teachers and parents to provide their children with 
additional opportunities to be physically active.   
 
217 | P a g e  
 
REFERENCES 
2009. Active Kids Score Higher: More Activity Time Adds Up to Better Learning. Physical & 
Health Education Journal, 75, 38-39. 
ABBOTT, G., HNATIUK, J., TIMPERIO, A., SALMON, J., BEST, K. & HESKETH, K. D. 2016. Cross-
sectional and Longitudinal Associations Between Parents' and Preschoolers' 
Physical Activity and Television Viewing: The HAPPY Study. J Phys Act Health, 13, 
269-74. 
ACTIVE ACADEMICS. 2005-2016. Learning on the Move [Online]. Available: 
http://www.activeacademics.org/ [Accessed 8 August 2016]. 
ACTIVE HEALTHY KIDS AUSTRALIA 2016. Physical Literacy: Do Our Kids Have All the Tools? 
The 2016 Active Healthy Kids Australia Report Card on Physical Activity for Children 
and Young People. . In: ACTIVE HEALTHY KIDS AUSTRALIA (ed.). Adelaide, South 
Australia:. 
ACTIVE HEALTHY KIDS AUSTRALIA 2018. Muscular fitness: it's time for a jump start. The 
2018 report card on phyiscal activity for children and young people. In: AUSTRALIA, 
A. H. K. (ed.). Adelaide, Australia. 
ACTIVE HEALTHY KIDS CANADA. 2013. Active Healthy Kids Canada. Are we driving our kids 
to unhealthy habits? The 2013 Active Healthy Kids Canada Report Card on Physical 
Activity for Children and Youth [Online]. Toronto. Available: 
http://www.activehealthykids.ca/2013ReportCard/en/ [Accessed 26 March 2015]. 
ACTIVE HEALTHY KIDS CANADA. 2016. The ParticipACTION Report Card on Physical Activity 
for Children and Youth: Are Canadian kids too tired to move [Online]. Toronto. 
Available: http://www.activehealthykids.ca/2013ReportCard/en/ [Accessed 23 May 
2018]. 
AHAMED, Y., MACDONALD, H., REED, K., NAYLOR, P.-J., LIU-AMBROSE, T. & MCKAY, H. 
2007. School-Based Physical Activity Does Not Compromise Children's Academic 
Performance. Medicine & Science in Sports & Exercise, 39, 371-376. 
AINSWORTH, B. E., HASKELL, W. L., WHITT, M. C., IRWIN, M. L., SWARTZ, A. M., STRATH, S. 
J., O'BRIEN, W. L., BASSETT, D. R., JR., SCHMITZ, K. H., EMPLAINCOURT, P. O., 
JACOBS, D. R., JR. & LEON, A. S. 2000. Compendium of physical activities: an update 
of activity codes and MET intensities. Med Sci Sports Exerc, 32, S498-504. 
ALESI, M., BIANCO, A., LUPPINA, G., PALMA, A. & PEPI, A. 2016. Improving Children's 
Coordinative Skills and Executive Functions: The Effects of a Football Exercise 
Program. Percept Mot Skills, 122, 27-46. 
ALTENBURG, T. M., CHINAPAW, M. J. M. & SINGH, A. S. 2016. Effects of one versus two 
bouts of moderate intensity physical activity on selective attention during a school 
morning in Dutch primary schoolchildren: A randomized controlled trial. Journal of 
Science & Medicine in Sport, 19, 820-824. 
AUBERT, S., BARNES, J. D., ABDETA, C., ABI NADER, P., ADENIYI, A. F., AGUILAR-FARIAS, N., 
ANDRADE TENESACA, D. S., BHAWRA, J., BRAZO-SAYAVERA, J., CARDON, G., 
CHANG, C. K., DELISLE NYSTROM, C., DEMETRIOU, Y., DRAPER, C. E., EDWARDS, L., 
EMELJANOVAS, A., GABA, A., GALAVIZ, K. I., GONZALEZ, S. A., HERRERA-CUENCA, 
M., HUANG, W. Y., IBRAHIM, I. A. E., JURIMAE, J., KAMPPI, K., KATAPALLY, T. R., 
KATEWONGSA, P., KATZMARZYK, P. T., KHAN, A., KORCZ, A., KIM, Y. S., LAMBERT, 
E., LEE, E. Y., LOF, M., LONEY, T., LOPEZ-TAYLOR, J., LIU, Y., MAKAZA, D., 
MANYANGA, T., MILEVA, B., MORRISON, S. A., MOTA, J., NYAWORNOTA, V. K., 
OCANSEY, R., REILLY, J. J., ROMAN-VINAS, B., SILVA, D. A. S., SAONUAM, P., 
SCRIVEN, J., SEGHERS, J., SCHRANZ, N., SKOVGAARD, T., SMITH, M., STANDAGE, M., 
STARC, G., STRATTON, G., SUBEDI, N., TAKKEN, T., TAMMELIN, T., TANAKA, C., 
THIVEL, D., TLADI, D., TYLER, R., UDDIN, R., WILLIAMS, A., WONG, S. H. S., WU, C. L., 
ZEMBURA, P. & TREMBLAY, M. S. 2018. Global Matrix 3.0 Physical Activity Report 
 
218 | P a g e  
 
Card Grades for Children and Youth: Results and Analysis From 49 Countries. J Phys 
Act Health, 15, S251-s273. 
AUSTRALIAN BUREAU OF STATISTICS 2012. Children's Participation in Sport and Leisure 
Time Activities, 2003 - 2012. Canberra, Australia. 
AUSTRALIAN BUREAU OF STATISTICS. 2013. Australian Health Survey: Physical Activity, 
2011-12  [Online]. Available: 
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/462FBA87B642FCA4CA2
57BAC0015F3CE?opendocument [Accessed 18 August 2017]. 
AUSTRALIAN BUREAU OF STATISTICS. 2016. Commentary on School Numbers [Online]. 
Available: 
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4221.0Main+Features392015
?OpenDocument [Accessed 14 August 2017]. 
AUSTRALIAN CURRICULUM, A. A. R. A. 2016. NAPLAN Achievement in Reading, Writing, 
Language Conventions and Numeracy: National Report for 2016. Sydney: ACARA. 
AUSTRALIAN CURRICULUM ASSESSMENT AND REPORTING AUTHORITY 2014. National 
Assessment Program - Literacy and Numeracy 2013: Technical Report. Sydney: 
ACARA. 
AUSTRALIAN CURRICULUM ASSESSMENT AND REPORTING AUTHORITY. 2016. National 
Assessment Program-Literacy and Numeracy [Online]. Available: 
http://www.nap.edu.au/naplan/naplan.html [Accessed 15 August 2017]. 
AUSTRALIAN GOVERNMENT DEPARTMENT OF HEALTH 2017. Australia's Physical Activity 
and Sedentary Behaviour Guidelines. 
AUSTRALIAN GOVERNMENT DEPARTMENT OF HEALTH AND AGEING 2008. 2007 Australian 
National Children’s Nutrition and Physical Activity Survey- Main Findings. Canberra: 
Commonwealth of Australia. 
AUSTRALIAN SPORTS COMMISSION 2018. AusPlay National Data Tables: July 2017 to June 
2018 Data. Australia. 
BAILEY, C. G. & DIPERNA, J. C. 2015. Effects of Classroom-Based Energizers on Primary 
Grade Students' Physical Activity Levels. Physical Educator, 72, 480-495. 
BAILEY, R. C., OLSON, J., PEPPER, S. L., PORSZASZ, J., BARSTOW, T. J. & COOPER, D. M. 1995. 
The level and tempo of children's physical activities: an observational study. Med 
Sci Sports Exerc, 27, 1033-41. 
BANDURA, A. 1986. Social foundations of thought and action : a social cognitive theory, 
Englewood Cliffs, N.J. : Prentice-Hall, c1986. 
BAQUET, G., STRATTON, G., VAN PRAAGH, E. & BERTHOIN, S. 2007. Improving physical 
activity assessment in prepubertal children with high-frequency accelerometry 
monitoring: a methodological issue. Prev Med, 44, 143-7. 
BARNARD, M., VAN DEVENTER, K. J. & OSWALD, M. M. 2014. THE ROLE OF ACTIVE 
TEACHING PROGRAMMES IN ACADEMIC SKILLS ENHANCEMENT OF GRADE 2 
LEARNERS IN THE STELLENBOSCH REGION. South African Journal for Research in 
Sport, Physical Education & Recreation (SAJR SPER), 36, 1-14. 
BARREIRA, T. V., SCHUNA, J. M., TUDOR-LOCKE, C., CHAPUT, J. P., CHURCH, T. S., 
FOGELHOLM, M., HU, G., KURIYAN, R., KURPAD, A., LAMBERT, E. V., MAHER, C., 
MAIA, J., MATSUDO, V., OLDS, T., ONYWERA, V., SARMIENTO, O. L., STANDAGE, M., 
TREMBLAY, M. S., ZHAO, P. & KATZMARZYK, P. T. 2015. Reliability of accelerometer-
determined physical activity and sedentary behavior in school-aged children: a 12-
country study. International Journal of Obesity Supplements, 5, S29-S35. 
BARTHOLOMEW, J. B. & JOWERS, E. M. 2011. Physically active academic lessons in 
elementary children. Prev Med, 52 Suppl 1, S51-4. 
BARTHOLOMEW, L. K. 2000. Intervention mapping : designing theory-- and evidence-based 
health promotion programs, Mountain View, Calif. : Mayfield Pub. Co., c2001, [i.e. 
2000]. 
 
219 | P a g e  
 
BECK, M. M., LIND, R. R., GEERTSEN, S. S., RITZ, C., LUNDBYE-JENSEN, J. & WIENECKE, J. 
2016. Motor-Enriched Learning Activities Can Improve Mathematical Performance 
in Preadolescent Children. Front Hum Neurosci, 10, 645. 
BENDER, J. M., BROWNSON, R. C., ELLIOTT, M. B. & HAIRE-JOSHU, D. L. 2005. Children's 
physical activity: using accelerometers to validate a parent proxy record. Med Sci 
Sports Exerc, 37, 1409-13. 
BEST, J. R. 2012. Exergaming immediately enhances children's executive function. 
Developmental Psychology, 48, 1501-1510. 
BEST, J. R., MILLER, P. H. & NAGLIERI, J. A. 2011. Relations between Executive Function and 
Academic Achievement from Ages 5 to 17 in a Large, Representative National 
Sample. Learning and individual differences, 21, 327-336. 
BLAISE J. 2008. Why We Need NAPLAN. In: STUDIES, T. C. F. I. (ed.). Australia  
BOOTH, J. N., LEARY, S. D., JOINSON, C., NESS, A. R., TOMPOROWSKI, P. D., BOYLE, J. M. & 
REILLY, J. J. 2014. Associations between objectively measured physical activity and 
academic attainment in adolescents from a UK cohort. British Journal of Sports 
Medicine, 48, 265-270. 
BRAUN, V. & CLARKE, V. 2006. Using thematic analysis in psychology. Qualitative Research 
in Psychology, 3, 77-101. 
BRICKENKAMP, R. & ZILLMER, E. 1998. d2 Test of Attention. In: ACKERMAN, P. L. & CLARK, 
E. (eds.) d2 Test. 
BRICKER, D., YOVANOFF, P., CAPT, B. & ALLEN, D. 2003. Use of a Curriculum-Based Measure 
To Corroborate Eligibility Decisions. Journal of Early Intervention, 26, 20-30. 
CAIN, K. L., SALLIS, J. F., CONWAY, T. L., DYCK, D. & CALHOON, L. 2013. Using 
accelerometers in youth physical activity studies: a review of methods. J Phys Act 
Health, 10. 
CANADIAN SOCIETY FOR EXERCISE PHYSIOLOGY. 2017. Canadian Physical Activity Guidelines 
[Online]. Canada. Available: www.csep.ca/guidelines 
 [Accessed]. 
CARLSON, J. A., ENGELBERG, J. K., CAIN, K. L., CONWAY, T. L., GEREMIA, C., BONILLA, E., 
KERNER, J. & SALLIS, J. F. 2017. Contextual factors related to implementation of 
classroom physical activity breaks. Transl Behav Med, 7, 581-592. 
CARLSON, J. A., ENGELBERG, J. K., CAIN, K. L., CONWAY, T. L., MIGNANO, A. M., BONILLA, E. 
A., GEREMIA, C. & SALLIS, J. F. 2015. Implementing classroom physical activity 
breaks: Associations with student physical activity and classroom behavior. Prev 
Med, 81, 67-72. 
CARSON, V., SALMON, J., ARUNDELL, L., RIDGERS, N. D., CERIN, E., BROWN, H., HESKETH, K. 
D., BALL, K., CHINAPAW, M., YILDIRIM, M., DALY, R. M., DUNSTAN, D. W. & 
CRAWFORD, D. 2013. Examination of mid-intervention mediating effects on 
objectively assessed sedentary time among children in the Transform-Us! cluster-
randomized controlled trial. Int J Behav Nutr Phys Act, 10, 62. 
CASPERSEN, C. J., POWELL, K. E. & CHRISTENSON, G. M. 1985. Physical activity, exercise, 
and physical fitness: definitions and distinctions for health-related research. Public 
Health Rep, 100, 126-31. 
CENTER ON EDUCATION POLICY 2007. Choices, Changes, and Challenges: Curriculum and 
Instruction in the NCLB Era. Washington DC. 
CHAFOULEAS, S. M., KILGUS, S. P., JAFFERY, R., RILEY-TILLMAN, T. C., WELSH, M. & CHRIST, 
T. J. 2013. Direct behavior rating as a school-based behavior screener for 
elementary and middle grades. Journal of School Psychology, 51, 367-385. 
CHANG, Y. K., LABBAN, J. D., GAPIN, J. I. & ETNIER, J. L. 2012. The effects of acute exercise 
on cognitive performance: A meta-analysis. Brain Research, 1453, 87-101. 
CHANG, Y. K., TSAI, Y. J., CHEN, T. T. & HUNG, T. M. 2013. The impacts of coordinative 
exercise on executive function in kindergarten children: an ERP study. Exp Brain 
Res, 225, 187-96. 
 
220 | P a g e  
 
CHILDREN AND ADULTS WITH ATTENTION-DEFICIT/HYPERACTIVITY DISORDER (CHADD): 
THE NATIONAL RESOURCE ON ADHD. 2018. The Benefits of Sports on ADHD Can Be 
Golden [Online]. Available: http://www.chadd.org/Understanding-ADHD/About-
ADHD/ADHD-Weekly/Article.aspx?issue=d2016-07-07&id=85 [Accessed]. 
CLEMES, S. A. & BIDDLE, S. J. H. 2013. The Use of Pedometers for Monitoring Physical 
Activity in Children and Adolescents: Measurement Considerations. Journal of 
Physical Activity & Health, 10, 249-262. 
CORDER, K., EKELUND, U., STEELE, R. M., WAREHAM, N. J. & BRAGE, S. 2008. Assessment of 
physical activity in youth. Journal of Applied Physiology, 105, 977-987. 
COTHRAN, D. J., KULINNA, P. H. & GARN, A. C. 2010. Classroom teachers and physical 
activity integration. Teaching and Teacher Education, 26, 1381-1388. 
COTMAN, C. W., BERCHTOLD, N. C. & CHRISTIE, L.-A. 2007. Exercise builds brain health: key 
roles of growth factor cascades and inflammation. Trends in Neurosciences, 30, 
464-472. 
DATAR, A. & STURM, S. 2006. Childhood overweight and elementary school outcomes. 
International Journal of Obesity, 1449. 
DE GREEFF, J. W., BOSKER, R. J., OOSTERLAAN, J., VISSCHER, C. & HARTMAN, E. 2018. 
Effects of physical activity on executive functions, attention and academic 
performance in preadolescent children: a meta-analysis. J Sci Med Sport, 21, 501-
507. 
DE GREEFF, J. W., HARTMAN, E., MULLENDER-WIJNSMA, M. J., BOSKER, R. J., DOOLAARD, S. 
& VISSCHER, C. 2016. Long-term effects of physically active academic lessons on 
physical fitness and executive functions in primary school children. Health Educ Res, 
31, 185-94. 
DENO, S. 1992. The nature and development of curriculum-based measurement. Preventing 
School Failure, 36, 5. 
DENO, S. L. 2003. Curriculum-Based Measures: Development and Perspectives. Assessment 
for Effective Intervention, 28, 3-12. 
DIAMOND, A. & LEE, K. 2011. Interventions shown to Aid Executive Function Development 
in Children 4–12 Years Old. Science (New York, N.Y.), 333, 959-964. 
DINKEL, D., SCHAFFER, C., SNYDER, K. & LEE, J. M. 2017. They just need to move: Teachers' 
perception of classroom physical activity breaks. Teaching and Teacher Education, 
63, 186-195. 
DOLLMAN, J., OKELY, A. D., HARDY, L., TIMPERIO, A., SALMON, J. & HILLS, A. P. 2009. A 
hitchhiker's guide to assessing young people's physical activity: Deciding what 
method to use. J Sci Med Sport, 12, 518-25. 
DOMAZET, S. L., TARP, J., HUANG, T., GEJL, A. K., ANDERSEN, L. B., FROBERG, K. & BUGGE, 
A. 2016. Associations of Physical Activity, Sports Participation and Active 
Commuting on Mathematic Performance and Inhibitory Control in Adolescents. 
PLoS ONE, 11, e0146319. 
DONNELLY, J. E., GREENE, J. L., GIBSON, C. A., SMITH, B. K., WASHBURN, R. A., SULLIVAN, D. 
K., DUBOSE, K., MAYO, M. S., SCHMELZLE, K. H., RYAN, J. J., JACOBSEN, D. J. & 
WILLIAMS, S. L. 2009. Physical Activity Across the Curriculum (PAAC): a randomized 
controlled trial to promote physical activity and diminish overweight and obesity in 
elementary school children. Prev Med, 49, 336-41. 
DONNELLY, J. E., HILLMAN, C. H., CASTELLI, D., ETNIER, J. L., LEE, S., TOMPOROWSKI, P., 
LAMBOURNE, K. & SZABO-REED, A. N. 2016. Physical Activity, Fitness, Cognitive 
Function, and Academic Achievement in Children: A Systematic Review. Med Sci 
Sports Exerc, 48, 1197-222. 
DONNELLY, J. E. & LAMBOURNE, K. 2011. Classroom-based physical activity, cognition, and 
academic achievement. Preventive Medicine, 52, S36-S42. 
DUMUID, D., OLDS, T., LEWIS, L. K., MARTIN-FERNANDEZ, J. A., KATZMARZYK, P. T., 
BARREIRA, T., BROYLES, S. T., CHAPUT, J. P., FOGELHOLM, M., HU, G., KURIYAN, R., 
 
221 | P a g e  
 
KURPAD, A., LAMBERT, E. V., MAIA, J., MATSUDO, V., ONYWERA, V. O., 
SARMIENTO, O. L., STANDAGE, M., TREMBLAY, M. S., TUDOR-LOCKE, C., ZHAO, P., 
GILLISON, F. & MAHER, C. 2017. Health-Related Quality of Life and Lifestyle 
Behavior Clusters in School-Aged Children from 12 Countries. J Pediatr, 183, 178-
183.e2. 
DYER, A. M., KRISTJANSSON, A. L., MANN, M. J., SMITH, M. L. & ALLEGRANTE, J. P. 2017. 
Sport Participation and Academic Achievement: A Longitudinal Study. American 
Journal of Health Behavior, 41, 179-185. 
EIME, R. M., YOUNG, J. A., HARVEY, J. T., CHARITY, M. J. & PAYNE, W. R. 2013. A systematic 
review of the psychological and social benefits of participation in sport for children 
and adolescents: informing development of a conceptual model of health through 
sport. The International Journal of Behavioral Nutrition and Physical Activity, 10, 98-
98. 
EPSTEIN, L. H., PALUCH, R. A., KALAKANIS, L. E., GOLDFIELD, G. S., CERNY, F. J. & 
ROEMMICH, J. N. 2001. How much activity do youth get? A quantitative review of 
heart-rate measured activity. Pediatrics, 108, E44. 
ERWIN, H., FEDEWA, A. & AHN, S. 2012a. Student Academic Performance Outcomes of a 
Classroom Physical Activity Intervention: A Pilot Study. International Electronic 
Journal of Elementary Education, 4, 473-487. 
ERWIN, H., FEDEWA, A., BEIGHLE, A. & AHN, S. 2012b. A Quantitative Review of Physical 
Activity, Health, and Learning Outcomes Associated With Classroom-Based Physical 
Activity Interventions. Journal of Applied School Psychology, 28, 14-36. 
ESTEBAN-CORNEJO, I., TEJERO-GONZALEZ, C. M., MARTINEZ-GOMEZ, D., CABANAS-
SANCHEZ, V., FERNANDEZ-SANTOS, J. R., CONDE-CAVEDA, J., SALLIS, J. F. & VEIGA, 
O. L. 2014. Objectively measured physical activity has a negative but weak 
association with academic performance in children and adolescents. Acta Paediatr. 
FAIRCLOUGH, S. J., BEIGHLE, A., ERWIN, H. & RIDGERS, N. D. 2012. School day segmented 
physical activity patterns of high and low active children. BMC Public Health, 12, 
406. 
FEDEWA, A. L. & AHN, S. 2011. The effects of physical activity and physical fitness on 
children's achievement and cognitive outcomes: A meta-analysis. Research 
Quarterly for Exercise and Sport, 82, 521-535. 
FEDEWA, A. L., AHN, S., ERWIN, H. & DAVIS, M. C. 2015. A randomized controlled design 
investigating the effects of classroom-based physical activity on children’s fluid 
intelligence and achievement. School Psychology International, 36, 135-153. 
FINCKH, A. & TRAMER, M. R. 2008. Primer: strengths and weaknesses of meta-analysis. Nat 
Clin Pract Rheumatol, 4, 146-52. 
FOX, C. K., BARR-ANDERSON, D., NEUMARK-SZTAINER, D. & WALL, M. 2010. Physical activity 
and sports team participation: Associations with academic outcomes in middle 
school and high school students. Journal of School Health, 80, 31-37. 
FREEDSON, P., POBER, D. & JANZ, K. F. 2005. Calibration of accelerometer output for 
children. Med Sci Sports Exerc, 37, S523-30. 
FUZEKI, E., ENGEROFF, T. & BANZER, W. 2017. Health Benefits of Light-Intensity Physical 
Activity: A Systematic Review of Accelerometer Data of the National Health and 
Nutrition Examination Survey (NHANES). Sports Med, 47, 1769-1793. 
GATELY, P., CURTIS, C. & HARDAKER, R. 2013. An evaluation in UK schools of a classroom-
based physical activity programme - TAKE 10! Â®: A qualitative analysis of the 
teachers' perspective. Education & Health, 31, 72-78. 
GILES-CORTI, B. & DONOVAN, R. J. 2002. The relative influence of individual, social and 
physical environment determinants of physical activity. Soc Sci Med, 54, 1793-812. 
GOH, T. L., HANNON, J., WEBSTER, C., PODLOG, L. & NEWTON, M. 2016. Effects of a TAKE 
10! Classroom-Based Physical Activity Intervention on Third- to Fifth-Grade 
Children's On-task Behavior. J Phys Act Health, 13, 712-8. 
 
222 | P a g e  
 
GOLDHAMMER, F. 2015. Measuring Ability, Speed, or Both? Challenges, Psychometric 
Solutions, and What Can Be Gained From Experimental Control. Measurement, 13, 
133-164. 
GONOODLE. 2016. GoNoodle [Online]. Available: https://www.gonoodle.com/ [Accessed 8 
August 2016]. 
GOODMAN, R. 1997. The Strengths and Difficulties Questionnaire: a research note. J Child 
Psychol Psychiatry, 38, 581-6. 
GOODMAN, R. & SCOTT, S. 1999. Comparing the Strengths and Difficulties Questionnaire 
and the Child Behavior Checklist: is small beautiful? J Abnorm Child Psychol, 27, 17-
24. 
GORDON, R., SMITH-SPARK, J. H., NEWTON, E. J. & HENRY, L. A. 2018. Executive Function 
and Academic Achievement in Primary School Children: The Use of Task-Related 
Processing Speed. Frontiers in psychology, 9, 582-582. 
GRAHAM, D. J., LUCAS-THOMPSON, R. G. & O'DONNELL, M. B. 2014. Jump In! An 
Investigation of School Physical Activity Climate, and a Pilot Study Assessing the 
Acceptability and Feasibility of a Novel Tool to Increase Activity during Learning. 
Front Public Health, 2, 58. 
GRIECO, L. A., JOWERS, E. M. & BARTHOLOMEW, J. B. 2009. Physically active academic 
lessons and time on task: the moderating effect of body mass index. Med Sci Sports 
Exerc, 41, 1921-6. 
GRIECO, L. A., JOWERS, E. M., ERRISURIZ, V. L. & BARTHOLOMEW, J. B. 2016. Physically 
active vs. sedentary academic lessons: A dose response study for elementary 
student time on task. Prev Med, 89, 98-103. 
GRIFFITHS, L. J., CORTINA-BORJA, M., SERA, F., POULIOU, T., GERACI, M., RICH, C., COLE, T. 
J., LAW, C., JOSHI, H., NESS, A. R., JEBB, S. A. & DEZATEUX, C. 2013. How active are 
our children? Findings from the Millennium Cohort Study. BMJ Open, 3, e002893. 
HAAPALA, E. 2012. Physical Activity, Academic Performance and Cognition in Children and 
Adolescents. A Systematic Review. Baltic Journal of Health & Physical Activity, 4, 53-
61. 
HAAPALA, E. A., POIKKEUS, A. M., KUKKONEN-HARJULA, K., TOMPURI, T., LINTU, N., 
VAISTO, J., LEPPANEN, P. H., LAAKSONEN, D. E., LINDI, V. & LAKKA, T. A. 2014. 
Associations of physical activity and sedentary behavior with academic skills--a 
follow-up study among primary school children. PLoS One, 9, e107031. 
HAAPALA, E. A., VAISTO, J., LINTU, N., WESTGATE, K., EKELUND, U., POIKKEUS, A. M., 
BRAGE, S. & LAKKA, T. A. 2017. Physical activity and sedentary time in relation to 
academic achievement in children. J Sci Med Sport, 20, 583-589. 
HEALTH PROMOTION BOARD 2012. Physical activity guidelines for children and the youth. 
Singapore. 
HEBERT, J. J., MOLLER, N. C., ANDERSEN, L. B. & WEDDERKOPP, N. 2015. Organized Sport 
Participation Is Associated with Higher Levels of Overall Health-Related Physical 
Activity in Children (CHAMPS Study-DK). PLoS One, 10, e0134621. 
HILL, L., WILLIAMS, J. H. G., AUCOTT, L., MILNE, J., THOMSON, J., GREIG, J., MUNRO, V. & 
MON-WILLIAMS, M. 2010. Exercising attention within the classroom. 
Developmental Medicine & Child Neurology, 52, 929-934. 
HILL, L. J. B., WILLIAMS, J. H. G., AUCOTT, L., THOMSON, J. & MON- WILLIAMS, M. 2011. 
How does exercise benefit performance on cognitive tests in primary-school pupils? 
Developmental Medicine & Child Neurology, 53, 630-635. 
HINKLEY, T., SALMON, J., OKELY, A. D., HESKETH, K. & CRAWFORD, D. 2012. Correlates of 
preschool children's physical activity. Am J Prev Med, 43, 159-67. 
HINKLEY, T., TIMPERIO, A., SALMON, J. & HESKETH, K. 2017. Does Preschool Physical 
Activity and Electronic Media Use Predict Later Social and Emotional Skills at 6 to 8 
Years? A Cohort Study. Journal Of Physical Activity & Health, 14, 308-316. 
 
223 | P a g e  
 
HIRVONEN, R., GEORGIOU, G. K., LERKKANEN, M.-K., AUNOLA, K. & NURMI, J.-E. 2010. Task-
focused behaviour and literacy development: a reciprocal relationship. Journal of 
Research in Reading, 302. 
HOTTING, K. & RODER, B. 2013. Beneficial effects of physical exercise on neuroplasticity 
and cognition. Neurosci Biobehav Rev, 37, 2243-57. 
HOWIE, E. K., BEETS, M. W. & PATE, R. R. 2014a. Acute classroom exercise breaks improve 
on-task behavior in 4th and 5th grade students: A dose–response. Mental Health 
and Physical Activity, 7, 65-71. 
HOWIE, E. K., NEWMAN-NORLUND, R. D. & PATE, R. R. 2014b. Smiles count but minutes 
matter: responses to classroom exercise breaks. Am J Health Behav, 38, 681-9. 
HOWIE, E. K. & PATE, R. R. 2012. Physical activity and academic achievement in children: A 
historical perspective. Journal of Sport and Health Science, 1, 160-169. 
HOWIE, E. K., SCHATZ, J. & PATE, R. R. 2015. Acute Effects of Classroom Exercise Breaks on 
Executive Function and Math Performance: A Dose-Response Study. Res Q Exerc 
Sport, 86, 217-24. 
JAAKKOLA, T., HILLMAN, C., KALAJA, S. & LIUKKONEN, J. 2015. The associations among 
fundamental movement skills, self-reported physical activity and academic 
performance during junior high school in Finland. J Sports Sci, 33, 1719-29. 
JANSSEN, I. & LEBLANC, A. G. 2010. Systematic review of the health benefits of physical 
activity and fitness in school-aged children and youth. International Journal of 
Behavioral Nutrition and Physical Activity, 7. 
JANSSEN, M., CHINAPAW, M. J. M., RAUH, S. P., TOUSSAINT, H. M., VAN MECHELEN, W. & 
VERHAGEN, E. A. L. M. 2014. A short physical activity break from cognitive tasks 
increases selective attention in primary school children aged 10–11. Mental Health 
and Physical Activity, 7, 129-134. 
KAHLMEIER, S., WIJNHOVEN, T. M. A., ALPIGER, P., SCHWEIZER, C., BREDA, J. & MARTIN, B. 
W. 2015. National physical activity recommendations: systematic overview and 
analysis of the situation in European countries. BMC Public Health, 15, 133. 
KATZ, D. L., CUSHMAN, D., REYNOLDS, J., NJIKE, V., TREU, J. A., WALKER, J., SMITH, E. & 
KATZ, C. 2010. Putting physical activity where it fits in the school day: preliminary 
results of the ABC (Activity Bursts in the Classroom) for fitness program. Prev 
Chronic Dis, 7, A82. 
KEELEY, T. J. H. & FOX, K. R. 2009. The impact of physical activity and fitness on academic 
achievement and cognitive performance in children. International Review of Sport 
and Exercise Psychology, 2, 198-214. 
KOHL, H. W., FULTON, J. E. & CASPERSEN, C. J. 2000. Assessment of Physical Activity among 
Children and Adolescents: A Review and Synthesis. Preventive Medicine, 31, S54-
S76. 
KOHL III, H. W., FULTON, J. E. & CASPERSEN, C. J. 2000. Assessment of Physical Activity 
among Children and Adolescents: A Review and Synthesis. Preventive Medicine, 31, 
S54-S76. 
KREMER, K. P., FLOWER, A., HUANG, J. & VAUGHN, M. G. 2016. Behavior problems and 
children's academic achievement: A test of growth-curve models with gender and 
racial differences. Children and youth services review, 67, 95-104. 
KREN, F., KUDLÁČEK, M., WASOWICZ, W., GROFFIK, D. & K, F. 2012. Gender differences in 
preferences of individual and team sports in Polish adolescents. 
KUIPERS, S. D. & BRAMHAM, C. R. 2006. Brain-derived neurotrophic factor mechanisms and 
function in adult synaptic plasticity: new insights and implications for therapy. Curr 
Opin Drug Discov Devel, 9, 580-6. 
KUMPULAINEN, K., RASANEN, E., HENTTONEN, I., MOILANEN, I., PIHA, J., PUURA, K., 
TAMMINEN, T. & ALMQVIST, F. 1999. Children's behavioural/emotional problems: a 
comparison of parents' and teachers' reports for elementary school-aged children. 
Eur Child Adolesc Psychiatry, 8 Suppl 4, 41-7. 
 
224 | P a g e  
 
LAMBOURNE, K. & TOMPOROWSKI, P. 2010. The effect of exercise-induced arousal on 
cognitive task performance: A meta-regression analysis. Brain Research, 1341, 12-
24. 
LEARY, J., ICE, C. & COTTRELL, L. 2012. Adaptation and cognitive testing of physical activity 
measures for use with young, school-aged children and their parents. Quality of Life 
Research, 21, 1815-1828. 
LEE, J. E., POPE, Z. & GAO, Z. 2016. The Role of Youth Sports in Promoting Children's 
Physical Activity and Preventing Pediatric Obesity: A Systematic Review. Behav 
Med, 1-15. 
LEE, S. W., SHAFTEL, J., NEADERHISER, J. & OETH, J. Development and Validation of 
Instruments to Assess the Behavior and Assets of Students at the Classroom Level. 
2006 2009. American Psychological Association (APA), 3-3. 
LEES, C. & HOPKINS, J. 2013. Effect of aerobic exercise on cognition, academic achievement, 
and psychosocial function in children: A systematic review of randomized control 
trials. Preventing Chronic Disease, 10. 
LISAHUNTER, ABBOTT, R., MACDONALD, D., ZIVIANI, J. & CUSKELLY, M. 2014. Active kids 
active minds: a physical activity intervention to promote learning? Asia-Pacific 
Journal of Health, Sport & Physical Education, 5, 117-131. 
LUBANS, D., RICHARDS, J., HILLMAN, C., FAULKNER, G., BEAUCHAMP, M., NILSSON, M., 
KELLY, P., SMITH, J., RAINE, L. & BIDDLE, S. 2016. Physical activity for cognitive and 
mental health in youth: a systematic review of mechanisms. Pediatrics, 138, 1642. 
LUBANS, D. R., FOSTER, C. & BIDDLE, S. J. H. 2008. A review of mediators of behavior in 
interventions to promote physical activity among children and adolescents. 
Preventive Medicine, 47, 463-470. 
LUMPKIN, A. & FAVOR, J. 2012. COMPARING THE ACADEMIC PERFORMANCE OF HIGH 
SCHOOL ATHLETES AND NON-ATHLETES IN KANSAS IN 2008-2009. Journal of Sport 
Administration & Supervision, 4, 41-62. 
MA, J. K., LE MARE, L. & GURD, B. J. 2014a. Classroom-based high-intensity interval activity 
improves off-task behaviour in primary school students. Appl Physiol Nutr Metab, 
39, 1332-7. 
MA, J. K., LE MARE, L. & GURD, B. J. 2015. Four minutes of in-class high-intensity interval 
activity improves selective attention in 9- to 11-year olds. Appl Physiol Nutr Metab, 
40, 238-44. 
MA, J. K., MARE, L. & GURD, B. J. 2014b. Classroom-based high-intensity interval activity 
improves off-task behaviour in primary school students. Appl Physiol Nutr Metab, 
39. 
MADELAINE, A. & WHELDALL, K. 1998. Towards a Curriculum‐based Passage Reading Test 
for Monitoring the Performance of Low‐progress Readers Using Standardised 
Passages: a validity study. Educational Psychology, 18, 471-478. 
MADELAINE, A. & WHELDALL, K. 2002. Further progress towards a standardised curriculum-
based measure of reading: Calibrating a new passage reading test against the New 
South Wales Basic Skills Test. Educational Psychology, 22, 461-471. 
MAGUIRE, L. K., NIENS, U., MCCANN, M. & CONNOLLY, P. 2016. Emotional development 
among early school-age children: gender differences in the role of problem 
behaviours. Educational Psychology, 36, 1408-1428. 
MAHAR, M. T. 2011. Impact of short bouts of physical activity on attention-to-task in 
elementary school children. Prev Med, 52 Suppl 1, S60-4. 
MAHAR, M. T., MURPHY, S. K., ROWE, D. A., GOLDEN, J., SHIELDS, A. T. & RAEDEKE, T. D. 
2006. Effects of a classroom-based program on physical activity and on-task 
behavior. Med Sci Sports Exerc, 38, 2086-94. 
MAHER, M. T., KENNY, R. K., SHIELDS, A. T., SCALES, D. P. & COLLINS, G. 2006. Energizers: 
Classroom-based physical activities. Raleigh, NC North Carolina Department of 
Public Instruction. 
 
225 | P a g e  
 
MANLY, T., ANDERSON, V., NIMMO-SMITH, I., TURNER, A., WATSON, P. & ROBERTSON, I. H. 
2001a. The differential assessment of children's attention: the Test of Everyday 
Attention for Children (TEA-Ch), normative sample and ADHD performance. J Child 
Psychol Psychiatry, 42, 1065-81. 
MANLY, T., NIMMO-SMITH, I., WATSON, P., ANDERSON, V., TURNER, A. & ROBERTSON, I. H. 
2001b. The differential assessment of children's attention: The Test of Everyday 
Attention for Children (TEA-Ch), normative sample and ADHD performance. Journal 
of Child Psychology and Psychiatry and Allied Disciplines, 42, 1065-1081. 
MARQUES, A., SANTOS, D. A., HILLMAN, C. H. & SARDINHA, L. B. 2017. How does academic 
achievement relate to cardiorespiratory fitness, self-reported physical activity and 
objectively reported physical activity: a systematic review in children and 
adolescents aged 6-18 years. Br J Sports Med. 
MCCARTHY, P. J., JONES, M. V. & CLARK-CARTER, D. 2008. Understanding enjoyment in 
youth sport: A developmental perspective. Psychology of Sport and Exercise, 9, 142-
156. 
MCCRADY-SPITZER, S. K., MANOHAR, C. U., KOEPP, G. A. & LEVINE, J. A. 2015. Low-cost and 
Scalable Classroom Equipment to Promote Physical Activity and Improve Education. 
J Phys Act Health, 12, 1259-63. 
MCKENZIE 2002. Use of direct observation to assess physical activity. In: WELK, G. J. (ed.) 
Physical Activity Assessments for Health-Related Research. Champaign, Ill: Human 
Kinetics. 
MCMULLEN, J., KULINNA, P. & COTHRAN, D. 2014. Physical Activity Opportunities During 
the School Day: Classroom Teachers' Perceptions of Using Activity Breaks in the 
Classroom. Journal of Teaching in Physical Education, 33, 511-527. 
MEAD, T., SCIBORA, L., GARDNER, J. & DUNN, S. 2016. The Impact of Stability Balls, Activity 
Breaks, and a Sedentary Classroom on Standardized Math Scores. Physical 
Educator, 73, 433-449. 
MICHIE, S. & ABRAHAM, C. 2004. Interventions to change health behaviours: evidence-
based or evidence-inspired? Psychology & Health, 19, 29-49. 
MICHIE, S., ATKINS, L. & WEST, R. 2014. The behaviour change wheel: a guide to designing 
interventions, London, Silverback Publishing. 
MICHIE, S., VAN STRALEN, M. M. & WEST, R. 2011. The behaviour change wheel: a new 
method for characterising and designing behaviour change interventions. 
Implement Sci, 6, 42. 
MICHIE S., ATKINS L. & WEST R. 2014. The behaviour change wheel: a guide to designing 
interventions, Great Britain, Silverback Publishing. 
MINISTRY OF HEALTH 2017. Physical Activity Guidelines for Children and Young People. 
New Zealand. 
MIYAKE, A., FRIEDMAN, N. P., EMERSON, M. J., WITZKI, A. H., HOWERTER, A. & WAGER, T. 
D. 2000. The unity and diversity of executive functions and their contributions to 
complex "Frontal Lobe" tasks: a latent variable analysis. Cogn Psychol, 41, 49-100. 
MOORE, R. D., ROMINE, M. W., O'CONNOR P, J. & TOMPOROWSKI, P. D. 2012. The 
influence of exercise-induced fatigue on cognitive function. J Sports Sci, 30, 841-50. 
MULLENDER-WIJNSMA, M. J., HARTMAN, E., DE GREEFF, J. W., BOSKER, R. J., DOOLAARD, S. 
& VISSCHER, C. 2015a. Improving academic performance of school-age children by 
physical activity in the classroom: 1-year program evaluation. J Sch Health, 85, 365-
71. 
MULLENDER-WIJNSMA, M. J., HARTMAN, E., DE GREEFF, J. W., BOSKER, R. J., DOOLAARD, S. 
& VISSCHER, C. 2015b. Moderate-to-vigorous physically active academic lessons 
and academic engagement in children with and without a social disadvantage: a 
within subject experimental design. BMC Public Health, 15, 404. 
MULLENDER-WIJNSMA, M. J., HARTMAN, E., DE GREEFF, J. W., DOOLAARD, S., BOSKER, R. J. 
& VISSCHER, C. 2016. Physically Active Math and Language Lessons Improve 
 
226 | P a g e  
 
Academic Achievement: A Cluster Randomized Controlled Trial. Pediatrics, 137, 
e20152743. 
NATIONAL COLLABORATING CENTRE FOR METHODS AND TOOLS. 2008. Quality Assessment 
Tool for Quantitative Studies [Online]. Hamilton, ON McMaster University. 
Available: http://www.nccmt.ca/resources/search/14 [Accessed]. 
NAYLOR, P.-J., NETTLEFOLD, L., RACE, D., HOY, C., ASHE, M. C., WHARF HIGGINS, J. & 
MCKAY, H. A. 2015. Implementation of school based physical activity interventions: 
A systematic review. Preventive Medicine: An International Journal Devoted to 
Practice and Theory, 72, 95-115. 
NEYENS, L. G. J. & ALDENKAMP, A. P. Stability of cognitive measures in children of average 
ability. 
NORRIS, E., SHELTON, N., DUNSMUIR, S., DUKE-WILLIAMS, O. & STAMATAKIS, E. 2015a. 
Physically active lessons as physical activity and educational interventions: a 
systematic review of methods and results. Prev Med, 72, 116-25. 
NORRIS, E., SHELTON, N., DUNSMUIR, S., DUKE-WILLIAMS, O. & STAMATAKIS, E. 2015b. 
Virtual field trips as physically active lessons for children: a pilot study. BMC Public 
Health, 15, 366. 
NUNNALLY, J. C. 1967. Psychometric theory, New York, McGraw-Hill [1967]. 
OKELY T, SALMON J, VELLA S, CLIFF D, TIMPERIO A, TREMBLAY M, TROST S, SHILTON T, 
HINKLEY T, RIDGERS N, PHILLIPSON L, HESKETH K, PARRISH A, JANSSEN X, BROWN 
M, EMMEL J & N., M. 2012. A systematic review to update the Australian physical 
activity guidelines for children and young people. . In: REPORT PREPARED FOR THE 
AUSTRALIAN GOVERNMENT DEPARTMENT OF HEALTH (ed.). Canberra, Australia: 
Commonwealth of Australia. 
OWEN, K. B., PARKER, P. D., ASTELL-BURT, T. & LONSDALE, C. 2018a. Effects of physical 
activity and breaks on mathematics engagement in adolescents. Journal of Science 
and Medicine in Sport, 21, 63-68. 
OWEN, K. B., PARKER, P. D., ASTELL-BURT, T. & LONSDALE, C. 2018b. Regular Physical 
Activity and Educational Outcomes in Youth: A Longitudinal Study. Journal of 
Adolescent Health. 
OWEN, K. B., PARKER, P. D., VAN ZANDEN, B., MACMILLAN, F., ASTELL-BURT, T. & 
LONSDALE, C. 2016. Physical Activity and School Engagement in Youth: A Systematic 
Review and Meta-Analysis. Educational Psychologist, 51, 129-145. 
PAN, C. Y., CHU, C. H., TSAI, C. L., LO, S. Y., CHENG, Y. W. & LIU, Y. J. 2016. A racket-sport 
intervention improves behavioral and cognitive performance in children with 
attention-deficit/hyperactivity disorder. Res Dev Disabil, 57, 1-10. 
PICHE, G., FITZPATRICK, C. & PAGANI, L. S. 2015. Associations Between Extracurricular 
Activity and Self-Regulation: A Longitudinal Study From 5 to 10 Years of Age. Am J 
Health Promot, 30, e32-40. 
POWELL, D., HIGGINS, HEIDI J., ARAM, ROBERTA., FREED, ANDREA, 2009. Impact of No Child 
Left Behind on Curriculum and Instruction in Rural Schools. Rural Educator, 31, 19-
28. 
PUYAU, M. R., ADOLPH, A. L., VOHRA, F. A. & BUTTE, N. F. 2002. Validation and calibration 
of physical activity monitors in children. Obes Res, 10, 150-7. 
RADL, J., SALAZAR, L. & CEBOLLA-BOADO, H. 2017. Does Living in a Fatherless Household 
Compromise Educational Success? A Comparative Study of Cognitive and Non-
cognitive Skills. Eur J Popul, 33, 217-242. 
RAMIREZ, E., KULINNA, P. H. & COTHRAN, D. 2012. Constructs of physical activity behaviour 
in children: The usefulness of Social Cognitive Theory. Psychology of Sport and 
Exercise, 13, 303-310. 
RASBERRY, C. N., LEE, S. M., ROBIN, L., LARIS, B. A., RUSSELL, L. A., COYLE, K. K. & NIHISER, 
A. J. 2011. The association between school-based physical activity, including 
 
227 | P a g e  
 
physical education, and academic performance: A systematic review of the 
literature. Preventive Medicine, 52, S10-S20. 
REED, J. A., EINSTEIN, G., HAHN, E., HOOKER, S. P., GROSS, V. P. & KRAVITZ, J. 2010. 
Examining the impact of integrating physical activity on fluid intelligence and 
academic performance in an elementary school setting: a preliminary investigation. 
J Phys Act Health, 7, 343-51. 
RESCHLY, A. L., BUSCH, T. W., BETTS, J., DENO, S. L. & LONG, J. D. 2009. Curriculum-Based 
Measurement Oral Reading as an indicator of reading achievement: A meta-
analysis of the correlational evidence. Journal of School Psychology, 47, 427-469. 
RIDGERS, N. D., STRATTON, G., FAIRCLOUGH, S. J. & TWISK, J. W. 2007. Long-term effects of 
a playground markings and physical structures on children's recess physical activity 
levels. Prev Med, 44, 393-7. 
RIDGERS, N. D., TIMPERIO, A., CERIN, E. & SALMON, J. 2014. Compensation of physical 
activity and sedentary time in primary school children. Med Sci Sports Exerc, 46, 
1564-9. 
RILEY-TILLMAN, T. C., CHAFOULEAS, S. M., SASSU, K. A., CHANESE, J. A. M. & GLAZER, A. D. 
2008. Examining the Agreement of Direct Behavior Ratings and Systematic Direct 
Observation Data for On-Task and Disruptive Behavior. Journal of Positive Behavior 
Interventions, 10, 136-143. 
RILEY, N., LUBANS, D. R., HOLMES, K. & MORGAN, P. J. 2015a. Findings From the EASY 
Minds Cluster Randomized Controlled Trial: Evaluation of a Physical Activity 
Integration Program for Mathematics in Primary Schools. J Phys Act Health, 13, 198-
206. 
RILEY, N., LUBANS, D. R., MORGAN, P. J. & YOUNG, M. 2015b. Outcomes and process 
evaluation of a programme integrating physical activity into the primary school 
mathematics curriculum: The EASY Minds pilot randomised controlled trial. J Sci 
Med Sport, 18, 656-61. 
ROACH, G. D., DAWSON, D. & LAMOND, N. 2006. Can a shorter psychomotor vigilance task 
be used as a reasonable substitute for the ten-minute psychomotor vigilance task? 
Chronobiol Int, 23, 1379-87. 
ROBERTS, C. & TORGERSON, D. J. 1999. Baseline imbalance in randomised controlled trials. 
BMJ : British Medical Journal, 319, 185-185. 
ROWLANDS, A. V. 2007. Accelerometer assessment of physical activity in children: an 
update. Pediatr Exerc Sci, 19, 252-66. 
ROWLANDS, A. V. & ESTON, R. G. 2007. The measurement and interpretation of children's 
physical activity. Journal of Sports Science and Medicine, 6, 270-276. 
SAEVARSSON, E. S., SVANSDOTTIR, E., SVEINSSON, T., ASGEIRSDOTTIR, T. L., 
ARNGRIMSSON, S. A. & JOHANNSSON, E. 2017. Organized leisure-time sport 
participation and academic achievement in preadolescents. Scand J Public Health, 
1403494817705560. 
SALLIS, J. F. 1991. Self-report measures of children's physical activity. J Sch Health, 61, 215-
9. 
SALLIS, J. F., MCKENZIE, T. L., ALCARAZ, J. E., KOLODY, B., FAUCETTE, N. & HOVELL, M. F. 
1997. The effects of a 2-year physical education program (SPARK) on physical 
activity and fitness in elementary school students. Sports, Play and Active 
Recreation for Kids. Am J Public Health, 87, 1328-34. 
SALLIS, J. F., PROCHASKA, J. J. & TAYLOR, W. C. 2000. A review of correlates of physical 
activity of children and adolescents. Med Sci Sports Exerc, 32, 963-75. 
SAMUEL, R. D., ZAVDY, O., LEVAV, M., REUVENY, R., KATZ, U. & DUBNOV-RAZ, G. 2017. The 
Effects of Maximal Intensity Exercise on Cognitive Performance in Children. J Hum 
Kinet, 57, 85-96. 
 
228 | P a g e  
 
SAUNDERS, R. P., EVANS, M. H. & JOSHI, P. 2005. Developing a process-evaluation plan for 
assessing health promotion program implementation: a how-to guide. Health 
Promot Pract, 6, 134-47. 
SCHMIDT, M., BENZING, V. & KAMER, M. 2016. Classroom-Based Physical Activity Breaks 
and Children's Attention: Cognitive Engagement Works! Frontiers in Psychology. 
SHERRY, A. P., PEARSON, N. & CLEMES, S. A. 2016. The effects of standing desks within the 
school classroom: A systematic review. Prev Med Rep, 3, 338-47. 
SIBLEY BA & ETNIER JL 2003. The relationship between physical activity and cognition in 
children: a meta-analysis Pediatr Exerc Sci, 15, 243-256. 
SINGH, A., UIJTDEWILLIGEN, L., TWISK, J. W. R., VAN MECHELEN, W. & CHINAPAW, M. J. M. 
2012. Physical activity and performance at school: A systematic review of the 
literature including a methodological quality assessment. Archives of Pediatrics and 
Adolescent Medicine, 166, 49-55. 
STALSBERG, R. & PEDERSEN, A. V. 2018. Are Differences in Physical Activity across 
Socioeconomic Groups Associated with Choice of Physical Activity Variables to 
Report? International journal of environmental research and public health, 15, 922. 
STEVENS, T. A., TO, Y., STEVENSON, S. J. & LOCHBAUM, M. R. 2008. The Importance of 
Physical Activity and Physical Education in the Prediction of Academic Achievement. 
Journal of Sport Behavior, 31, 368-388. 
SUBRAMANIAN, S. 2015. Effect of Structured and Unstructured Physical Activity Training on 
Cognitive Functions in Adolescents – A Randomized Control Trial. 
SUBRAMANIAN, S. K., SHARMA, V. K., ARUNACHALAM, V., RADHAKRISHNAN, K. & 
RAMAMURTHY, S. 2015. Effect of Structured and Unstructured Physical Activity 
Training on Cognitive Functions in Adolescents - A Randomized Control Trial. 
Journal of clinical and diagnostic research : JCDR, 9, CC04-CC9. 
SUCHERT, V., HANEWINKEL, R. & ISENSEE, B. 2016. Longitudinal Relationships of Fitness, 
Physical Activity, and Weight Status With Academic Achievement in Adolescents. J 
Sch Health, 86, 734-41. 
SYVÄOJA, H. J., KANTOMAA, M. T., AHONEN, T., HAKONEN, H., KANKAANPÄÄ, A. & 
TAMMELIN, T. H. 2013. Physical activity, sedentary behavior, and academic 
performance in Finnish children. Medicine and Science in Sports and Exercise, 45, 
2098-2104. 
TARAS, H. 2005. Physical activity and student performance at school. Journal of School 
Health, 75, 214-218. 
TOMPOROWSKI, P. D., LAMBOURNE, K. & OKUMURA, M. S. 2011. Physical activity 
interventions and children's mental function: an introduction and overview. Prev 
Med, 52 Suppl 1, S3-9. 
TREIBER, F. A., MUSANTE, L., HARTDAGAN, S., DAVIS, H., LEVY, M. & STRONG, W. B. 1989. 
Validation of a heart rate monitor with children in laboratory and field settings. 
Med Sci Sports Exerc, 21, 338-42. 
TREMBLAY, M. S., BARNES, J. D., GONZALEZ, S. A., KATZMARZYK, P. T., ONYWERA, V. O., 
REILLY, J. J. & TOMKINSON, G. R. 2016. Global Matrix 2.0: Report Card Grades on 
the Physical Activity of Children and Youth Comparing 38 Countries. J Phys Act 
Health, 13, S343-s366. 
TROIANO, R. P., BERRIGAN, D., DODD, K. W., MASSE, L. C., TILERT, T. & MCDOWELL, M. 
2008. Physical activity in the United States measured by accelerometer. Med Sci 
Sports Exerc, 40, 181-8. 
TROST, S. G. 2007. Measurement of physical activity in children and adolescents. Americal 
Journal of Lifestyle Medicine, 1, 299-314. 
TROST, S. G., LOPRINZI, P. D., MOORE, R. & PFEIFFER, K. A. 2011. Comparison of 
accelerometer cut points for predicting activity intensity in youth. Med Sci Sports 
Exerc, 43, 1360-8. 
 
229 | P a g e  
 
TROST, S. G., MCIVER, K. L. & PATE, R. R. 2005. Conducting accelerometer-based activity 
assessments in field-based research. Medicine and Science in Sports and Exercise, 
37, S531-S543. 
TROST, S. G., PATE, R. R., FREEDSON, P. S., SALLIS, J. F. & TAYLOR, W. C. 2000. Using 
objective physical activity measures with youth: how many days of monitoring are 
needed? Med Sci Sports Exerc, 32, 426-31. 
TROST, S. G., WARD, D. S., MOOREHEAD, S. M., WATSON, P. D., RINER, W. & BURKE, J. R. 
1998. Validity of the computer science and applications (CSA) activity monitor in 
children. Med Sci Sports Exerc, 30, 629-33. 
TRUDEAU, F. & SHEPHARD, R. J. 2008. Physical education, school physical activity, school 
sports and academic performance. Int J Behav Nutr Phys Act, 5, 10. 
UHRICH, T. A. & SWALM, R. L. 2007. A pilot study of a possible effect from a motor task on 
reading performance. Percept Mot Skills, 104, 1035-41. 
US DEPARTMENT OF HEALTH AND HUMAN SERVICES 2008. 2008 Physical Activity 
Guidelines for Americans. 
VAN DEN BERG, V., SALIASI, E., DE GROOT, R. H., JOLLES, J., CHINAPAW, M. J. & SINGH, A. S. 
2016. Physical Activity in the School Setting: Cognitive Performance Is Not Affected 
by Three Different Types of Acute Exercise. Front Psychol, 7, 723. 
VAN DEN BERG, V., SALIMI, R., DE GROOT, R. H. M., JOLLES, J., CHINAPAW, M. J. M. & 
SINGH, A. S. 2017. "It's a Battle... You Want to Do It, but How Will You Get It 
Done?": Teachers' and Principals' Perceptions of Implementing Additional Physical 
activity in School for Academic Performance. Int J Environ Res Public Health, 14. 
VAN STRALEN, M. M., YILDIRIM, M., WULP, A., TE VELDE, S. J., VERLOIGNE, M., 
DOESSEGGER, A., ANDROUTSOS, O., KOVACS, E., BRUG, J. & CHINAPAW, M. J. 2014. 
Measured sedentary time and physical activity during the school day of European 
10- to 12-year-old children: the ENERGY project. J Sci Med Sport, 17, 201-6. 
VARNI, J. W., BURWINKLE, T. M. & SEID, M. 2006. The PedsQL 4.0 as a school population 
health measure: feasibility, reliability, and validity. Qual Life Res, 15, 203-15. 
VARNI, J. W., BURWINKLE, T. M., SEID, M. & SKARR, D. 2003. The PedsQL 4.0 as a pediatric 
population health measure: feasibility, reliability, and validity. Ambulatory 
Pediatrics: The Official Journal Of The Ambulatory Pediatric Association, 3, 329-341. 
VARNI, J. W., SEID, M. & RODE, C. A. 1999. The PedsQL: measurement model for the 
pediatric quality of life inventory. Med Care, 37, 126-39. 
VAZOU, S., GAVRILOU, P., MAMALAKI, E., PAPANASTASIOU, A. & SIOUMALA, N. 2012. Does 
integrating physical activity in the elementary school classroom influence academic 
motivation? International Journal of Sport & Exercise Psychology, 10, 251-263. 
VAZOU, S. & SMILEY-OYEN, A. 2014. Moving and academic learning are not antagonists: 
acute effects on executive function and enjoyment. J Sport Exerc Psychol, 36, 474-
85. 
VELLA, S. A., CLIFF, D. P., MAGEE, C. A. & OKELY, A. D. 2014. Sports participation and parent-
reported health-related quality of life in children: longitudinal associations. J 
Pediatr, 164, 1469-74. 
VERBURGH, L., KONIGS, M., SCHERDER, E. J. & OOSTERLAAN, J. 2014. Physical exercise and 
executive functions in preadolescent children, adolescents and young adults: a 
meta-analysis. Br J Sports Med, 48, 973-9. 
VICTORIAN ASSESSMENT AND REPORTING AUTHORITY. 2018. Victorian Curriculum 
Foundation-10 [Online]. Available: 
http://victoriancurriculum.vcaa.vic.edu.au/mathematics/curriculum/f-
10?y=3&y=4&s=NA&s=MG&s=SP&layout=2 [Accessed]. 
VICTORIAN DEPARTMENT OF EDUCATION 2017. Summary Statistics Victorian Schools 
February 2017         
   
 
230 | P a g e  
 
WAREHAM, N. J. & RENNIE, K. L. 1998. The assessment of physical activity in individuals and 
populations: why try to be more precise about how physical activity is assessed? Int 
J Obes Relat Metab Disord, 22 Suppl 2, S30-8. 
WATSON, A., TIMPERIO, A., BROWN, H., BEST, K. & HESKETH, K. D. 2017a. Effect of 
classroom-based physical activity interventions on academic and physical activity 
outcomes: a systematic review and meta-analysis. Int J Behav Nutr Phys Act, 14, 
114. 
WATSON, A., TIMPERIO, A., BROWN, H. & HESKETH, K. D. 2017b. A primary school active 
break programme (ACTI-BREAK): study protocol for a pilot cluster randomised 
controlled trial. Trials, 18, 433. 
WATSON, A. J. L., TIMPERIO, A., BROWN, H. & HESKETH, K. D. A pilot primary school active 
break program (ACTI-BREAK): Effects on academic and physical activity outcomes 
for students in Years 3 and 4. Journal of Science and Medicine in Sport. 
WEBSTER, C. A., CAPUTI, P., PERREAULT, M., DOAN, R., DOUTIS PANAYIOTIS, P. & WEAVER, 
R. G. 2013. Elementary classroom teachers' adoption of physical activity promotion 
in the context of a statewide policy: An innovation diffusion and socio-ecologic 
perspective. Journal of Teaching in Physical Education, 32, 419-440. 
WEBSTER, C. A., RUSS, L., VAZOU, S., GOH, T. L. & ERWIN, H. 2015. Integrating movement in 
academic classrooms: understanding, applying and advancing the knowledge base. 
Obes Rev, 16, 691-701. 
WELK, G. J. 2002. Physical Activity Assessments for Health-Related Research,, Champaign, 
Illinois, Human Kinetics. 
WELK, G. J., CORBIN, C. B. & DALE, D. 2000. Measurement issues in the assessment of 
physical activity in children. Res Q Exerc Sport, 71, S59-73. 
WESTWOOD, P. S. 2000. One Minute Test of Basic Number Facts. Numeracy and learning 
difficulties: approaches to teaching and assessment. Camberwell, Victoria: ACER 
Press. 
WHELDALL, K. & MADELAINE, A. 2006. The Development of a Passage Reading Test for the 
Frequent Monitoring of Performance of Low-Progress Readers. Australasian Journal 
of Special Education, 30, 72. 
WHELDALL, K. & MADELAINE, A. 2013. Manual for the Wheldall assessment of reading 
passages (WARP), Sydney, Multilit Pty Ltd  
WHITE, K. 1982. The relation between socioeconomic status and academic achievement. 
91, 461-481. 
WHITT-GLOVER, M. C., HAM, S. A. & YANCEY, A. K. 2011. Instant Recess(R): a practical tool 
for increasing physical activity during the school day. Prog Community Health 
Partnersh, 5, 289-97. 
WICKEL, E. E. & EISENMANN, J. C. 2007. Contribution of youth sport to total daily physical 
activity among 6- to 12-yr-old boys. Med Sci Sports Exerc, 39, 1493-500. 
WILKINS, J., GRAHAM, G., PARKER, S., WESTFALL, S., FRASER, R. & TEMBO, M. 2003. Time in 
the arts and physical education and school achievement. Journal of Curriculum 
Studies, 35, 721-734. 
WILLETT, W. & STAMPFER, M. J. 1986. Total energy intake: implications for epidemiologic 
analyses. Am J Epidemiol, 124, 17-27. 
WILLIAMS, J., WAKE, M., HESKETH, K., MAHER, E. & WATERS, E. 2005. Health-related quality 
of life of overweight and obese children. Jama, 293, 70-6. 
WILSON, A. N., OLDS, T., LUSHINGTON, K., PETKOV, J. & DOLLMAN, J. 2015. The impact of 
10-min activity breaks outside the classroom on male students' on-task behaviour 
and sustained attention: a randomised crossover design. Acta Paediatr, 105, e181-
8. 
WORLD HEALTH ORGANISATION. 2010. Information sheet: global recommendations on 
physical activity for health 5 - 17 years old [Online]. Available: 
 
231 | P a g e  
 
https://www.who.int/dietphysicalactivity/publications/recommendations5_17year
s/en/ [Accessed 25 March 2015]. 
YOUTUBE. 2016. YouTube [Online]. Available: https://www.youtube.com [Accessed 8 
August 2016]. 
 
  
 
 
 
Appendix 1: ACTI-BREAK Deakin University Human 
Research Ethics Committee and Department of Education 
and Childhood Development Approvals 
  
 
 
 
  
 
 
 

 
 
 
Appendix 2: ACTI-BREAK plain language statement and 
consent forms (school and parents/children) 
  
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
